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MAGNET WIRE 


Magnet Wire with the 


Perfected Insulation 


Years of development work have 
produced this new and superior mag- 
net wire insulation. Belden Nylclad* 
Magnet Wire combines the desirable 
properties of Formvar and Nylon 
types. Its tough, durable coating elim- 
inates the need for paper or textile- 
covered wires (in many applications) 
and reduces winding space require- 
ments. Nylclad* provides increased 
toughness, increased solvent resist- 


*TRADE MARK 


Desirable Properties of Formvar and Nylon Coatings 


ance,and resistance to softening under 
heat; it is not subject to solvent 
crazing. Nylclad* means improved 
windability — more compact coils — 
many over-all plus values at no 
increase in price. 

It will pay you to investigate 
Nylclad* Magnet Wire — another 
Belden development that makes for 
lower over-all costs. Write, today, 
for test data. 


Belden Manufacturing Co., 4633 West Van Buren Street, Chicago, Illinois 
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INDUSTRIAL 


Overall industrial activity 
at record levels, as civilian-goods 
output is pushed to utmost ca- 
pacity pending full-volume de- 
fense business. 


Topping any other postwar month, 
January industrial production reach- 
ed 219 per cent of the 1935-39 ave- 
rage, according to an estimate by the 
President’s Council of Economic Ad- 
visors. Previous postwar record was 
made last October, 217 per cent. 


All components of the nation’s in- 
dustrial output were reflected in the 
record-breaking rise. Advance in dur- 
able goods was from 268 to 273 
points; in nondurable goods, from 
193 to 195. Significant element in 
these figures is the fact that so far 
only a small segment of the increased 
production is accounted for by mili- 
tary orders. 


The answer then is this: De- 
spite all the difficulties of materials 
shortages and controls most manufac- 
turing groups have been able to turn 
out civilian goods at a pretty good 
pace against the day when military 
orders will begin to accelerate and 
take a progressively larger slice of pro- 
ductive capacity. 


At any rate, the January showing 
is a strong indication that 1951 out- 
put of all goods and services will 
establish an all-time record . . . It will 
at least exceed the 1950 total, which 
reached $280 billion, or $24 billion 
greater than in 1949... . Only 2 per 
cent of the 1950 rise, says the Depart- 
ment of Commerce, was owing to 
price increases, the balance was the 
direct result of increased production. 


The month in review has seen the 
imposition of the general price and 
wage “freeze.” How effective it can 
be; how it can be enforced; how it 
will be supported by the nation; these 
and other problems face solution. 
There is no question, however, that 


Headpice: Final assembly of the new Type 
500 telephone handset at Western Electric’s 
Indianapolis plant. Some 2% miles of overhead 
conveyors transport parts and various sub- 
assemblies. 
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measures to halt the 
rapidly rising price structure were 
imperative. 


some drastic 


Meanwhile purchasing execu- 
tives in a survey-report for January 
say that it has been “a month of gen- 
eral industrial confusion,” a condi- 
tion they expect will progressively be- 
until “a definite pro- 
cedure is established for the allocation 
of materials and facilities for defense 
and permissible civilian purposes.” 


come worse 


Restriction on certain materials 
have set off “another wave of protect- 
ive buying.” .. . 44 per cent of those 
reporting to the National Association 
of Purchasing Agents state that Janu- 
ary order bookings have risen, as 
against 31 per cent so reporting in 
December. 


On the other hand, the Jan- 
uary figure is sharply lower com- 
pared to last July and August when 
68 per cent and 80 per cent reported 
such increases in a quick reflex reac- 
tion to the outbreak of Korean hostili- 
ties. 

Inventories of industrial materials 
were obviously found out of kilter. 
Search for substitutes is reported as 
feverish, but in many instances leads 
only to a material or item which also 
is in the critical category. 


Almost any material these days 
is in tight supply, so this classification 
is no longer news. But here are some 
items that the purchasing men find in 
“very tight” supply: Aluminum, bear- 
ings, brass, cadmium, cobalt, con- 
tainers, copper, electrical equipment, 
lead, nickel, paper, plastics, rubber, 
steel, tin, wire, zinc. 


Metals continue probably the tight- 
est of all materials. Most of the NPA 
control orders (see checklist page 3) 
apply to them. Here (at this writing) 
is an actual market picture supply- 
wise and price-wise: 


Copper. Supplies remain exceeding- 
ly constricted; demand is active and 
energetic. Primary market price con- 
tinued at 2414¢ a lb but outside sellers 


still obtain around 42¢. The price 
freeze, of course, permits a vendor to 
sell his supplies at the highest price 
sold during the base period December 
19 to January 25. Sales of the metal 
for the first half of February were 
reported around 91,000 tons. 


Lead. Available stocks have tight- 
ened perceptibly; some consumers are 
said to have less than a month’s sup- 
ply on hand. Others are working with 
two to three week’s reserve on hand. 
Consumers are willing to pay the ad- 
ditional 144¢ per lb import duty to 
secure foreign metal but even that’s 
scarce. Sellers are said to have allo- 
cated most their entire tonnage for 
March delivery and have cut con- 
sumers requests to the bone. Domes- 
tic price remains 17¢ New York. 

Zinc. Washington reports indicate 
that the government has again post- 
poned further stockpile deliveries to 
June 1952. Most zine industry mem- 
bers beleive that had the government 
insisted on deliveries this quarter, 
the supply situation would have been 
critical. As it is, it is difficult enough. 
Prices are holding at 174%¢ East St. 
Louis. 

Tin. Price has been “frozen” at 
$1.83 per lb New York, but mean- 
while Singapore and London prices 
have been skyrocketing, making for 
an untenable situation. At mid-Feb- 
ruary levels, the price of tin in the 
Far East was equivalent to $1.91 de- 
livered U.S. 


Aluminum. There has been no 
change in the primary market situ- 
ation. Scrap prices have eased slight- 
ly since the establishment of the gen- 
eral freeze order and most trade fac- 
tors are expecting specific ceilings to 
be set soon on secondary and scrap 
aluminum. Primary aluminum re- 
mains at 19¢ per lb with higher 
prices said to be paid in the outside 
market. 


On the production end, crude 
copper slipped to 81,833 tons in Jan- 
uary against 85,597 in December 
(corrected), which was the highwa- 
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DEPENDABLE 


WAS 


FOR EVERYTHING IN 
ELECTRICAL 
INSULATION 


MIRAGLAS 

WOVEN TAPES, TUBINGS 
SLEEVINGS, CORDS ; 
CLOTHS, ETC. 


PU ee ee ih) che 
SLEEVINGS & TAPES 


COTTON TAPES & SLEEVINGS 
FIBERGLAS-MICA COMBINATIONS 
VARNISHES - WAXES 

COMPOUNDS 


WOVEN OF FIBERGLAS YARN 


A PARTIAL LIST OF M-R PRODUCTS: FIBERGLAS VARNISHED TUBING, TAPE AND CLOTH + INSULATING PAPERS 
AND TWINES + CABLE FILLING AND POTHEAD COMPOUNDS + FRICTION TAPE AND SPLICE + TRANSFORMER COM 
POUNDS + FIBERGLAS SATURATED SLEEVING + ASBESTOS SLEEVING AND TAPE + VARNISHED CAMBRIC CLOTH AND 
TAPE.» MICA PLATE, TAPE, PAPER, CLOTH. TUBING - FIBERGLAS BRAIDED SLEEVING « COTTON TAPES, WEBBINGS AND 
SLEEVINGS * IMPREGNATED VARNISH TUBING + INSULATED VARNISHES OF ALL TYPES - EXTRUDED PLASTIC TUBING 
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ter mark for 1950. Refined produc- 
tion was 110,144 tons, a slight edge 
over the 109,464 tons in December. 
Deliveries to customers were 108,128 
tons against 121,954. 


The year’s demand for copper, 
expanded by defense needs, is most 
certainly going to outstrip the maxi- 
mum possible output of domestic 
mines, and every pound of imported 
metal will be sorely needed. In the 
face of this situation, the persistence 
of a 2¢-per-lb import duty which dis- 
courages imports needs a lot of ex- 
plaining to copper-hungry product 
manufacturers. 

Last year’s deliveries of nickel 
in all forms by The International 
Nickel Company of Canada reached 
a peacetime record of 256 million 
lb, according to a company report. 
(Current production is at maximum 


capacity; 1951 output is expected to 
top that of 1950.) 


Primary aluminum output in 1950 
reached a total of 1437 million lb— 
19 per cent more than in 1949. Ca- 
pacity for 1951 is expected to be 
hiked by some 20 per cent. 


Steel production is zooming along 
at all-time highs. January output 
(8,830,000 net tons of ingots and 
castings) outstripped any month on 
record. Operations averaged 99.7 per 
cent of capacity. 


Major answer to shortages in 
alloy steel will be a new series of 
“emergency” steels developed with a 
leaner content of critical alloying 
elements such as nickel, molybdenum 
and chromium, but fortified by the 
addition of noncritical and abundant 
boron that does a potent job of im- 


Checklist of New NPA Orders 


Note: Complete copies of the 


orders 


noted here are obtainable without charge 
from the public information division of the 
National Preduction Authority, U.S. Depart- 
ment of Commerce, Washington 25, D.C. 


Aluminum: Order M-22 prohibits un- 
due accumulation of scrap, permits only 
approved smelters or fabricators to melt, 
smelt or use scrap. As 
amended later, order becomes effective 
Marck 1....4 Amendment to M-5, re- 
vises priorities system for handling DO 
orders, requires aluminum producers 
and fabricators to accept larger per- 
centage of such orders . . . . Amended 
M-7 lists more than 200 less essential 
civilian goods in which aluminum may 
not be used after April 1. 

Carded Cotton Sales Yarn: M-23 
limits to 10 per cent the volume of DO 
orders each producer must accept. Uses 
for this yarn include wire insulation. 

Chemicals (Plastics): General chem- 
ical order M-32 sets up rules for plac- 
ing, accepting and scheduling rated 
orders for specified chemicals. Basic 
order refers only to ethyl cellulose and 
sets up a 40-per cent ceiling for such 
orders. Similar provisions for other 
chemicals will be in the form of 
amendments. 

Copper: Amended M-16 permits prod- 
ucers of copper and copper-base alloys 
to melt and process their own copper 
scrap... . Direction to M-12 permits 
certain base-period use adjustments to 
producers and users of copper and 
copper-base alloys. 

Molybdenum: M-33 placed temporary 
controls on all distribution and inven- 
tories. No deliveries permitted except 


otherwise 


to those having DO rating, or on non- 
rated orders where the metal is needed 
for high-speed steels. In either case, 
deliveries are not to exceed 50 per cent 
of original orders. 

Nickel: Amendment to M-14 permits 
nickel only in highly essential items; 
applies to nickel-silver, containing 8 per 
cent or more of nickel; all types of 
nickel plating; stainless steel with 6 to 
22 per cent nickel; high-content nickel - 
alloys containing more than 22 per cent 
nickel. Effective dates: March 1, April 1. 

Steel: Supplement 1 to M-1 as 
amended is designed to assure prompt 
delivery of steel products for produc- 
tion of new freight cars at a monthly 
rate of 10,000 Amendment to M-l 
increases percentage ceilings 
for acceptance of DO orders, estab- 
lishes specific inventory controls at all 
levels of production and consumption, 
lengthens previous lead times for filling 
DO orders, and makes several other 
adjustments ... . J Amended M-20 es- 
tablishes inventory limitations for iron 
and steel scrap and subjects such scrap 
to allocation. 

Tin: Five conservation orders (M-8 
amended, M-24, M-25, M-26 and M-27) 
permit use of tin only in specified prod- 
ucts and limit its use in others. 

Tungsten: M-30 allocates all forms 
of tungsten (except ores, concentrates, 
and scrap) based on end-use essentiality. 
Effective date: March 1. Curtailment of 
normal imports from China and Korea 
(principal sources) makes 
particularly critical. 

Zinc: Amended M-15 clarifies original 


present 


situation 


parting hardenability. The new series 
are termed “balanced multiple-alloy 
steels” and are said to do even a 
better job than the “NE” steels of 
the last war in conservation of critical 
alloying elements. 


Plastics materials producers 
as well as molders and fabricators 
are not at all pleased with much 
loose talk about “substituting” plas- 
tics for metals. For one thing, the 
plastics industry frowns on the “sub- 
stitute” label. Plastics, it is felt, have 
amply established themselves as en- 
gineering materials in their own right 
and have commitments. in many es- 
sential civilian and military applica- 
tions including critical uses in a 
wide range of restricted military 
items with which no other materials 
can compete. 


In the second place, supplies of 


order, confirms that it relates to zinc 
slab. 

Rubber: January civilian-product al- 
locations for synthetic were cut by 17 
per cent. Amended M-2 ordered simpli- 
fication of styles, types and colors in 
many rubber items, as of February 15, 
and curtailed or eliminated use of 
natural rubber in nonessential products 
as of March 1. 

INDUSTRY ADVISORY COMMIT- 
TEES. In a meeting with manufacturers 
of warm-air heating equipment, NPA 
official disclosed that a spot 
was under way intended to determine 
accurately quantities of materials go- 


survey 


ing into all metal-using products... . 
Electric motor and industrial control 
men told NPA officials that they were 
unable to obtain prompt filling of DO 
orders for copper and aluminum al- 
though bulk of present business is now 
in the defense and defense-related 
category. Task groups were set up to 
specific recommendations for 
standardization and design simplifica- 
tion. 


make 


Alloy steel and stainless committees 
discussed overall picture. NPA officials 
reviewed situation. Some _ highlights 
(other than already noted above): 
Cobalt, virtually all supply required for 
defense and essential civilian orders. 
Columbium, 98 per cent into defense. 
Chromium, tight, but additional facili- 
ties are expected. Manganese, facili- 
ties appear adequate. Silicon, no seri- 
ous shortage expected .. . . Some 30-odd 
other committees met with NPA during 
the past 30 days. 
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To relieve pressure on 
capacity... 


...use your custom molder’s know-how 


Higher production is being obtained 
in many fields of manufacture, not by 
increasing plant space, equipment, and 
manpower, but by assigning a share of 
the production load to custom molders 
of Durez plastics. 

In enlisting the facilities of the 
molder you stand to gain in any or all 
of a number of ways. You may move 
up shipping dates...speed up the flow 
of parts to assembly lines... make your 
products safer, longer w earing, bet- 
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ter looking, or less costly to produce. 

Without adding to your own over- 
head, your custom molder brings into 
your picture a complete organization 
that, separate physically, works perfectly 
in a team with your own. Design co- 
operation, engineering, mold-making, 
and production in plastics are among 
his talents. Knowing the virtues of a// 
the plastics, he knows which one will 
return you the most for your dollar on 
any assignment. 


ld etl 


LiSti bi 


Through long experience, your 
molder has come to recognize the 
Durez phenolics as dependable and 
versatile “‘work-horses’” of the plastics 
era. He has proven their mechanical, 
chemical, i. electrical oe in 
twenty-eight years of successful use 

Make a habit of putting new prob- 
lems to your plastics molder. Durez re- 
search and development facilities are 
at his service...and yours... through 
Durez field engineers. 


MOLDING COMPOUNDS 
INDUSTRIAL RESINS 


PROTECTIVE COATING RESINS 


PHENOLIC PLASTICS THAT FIT THE JOB 








plastics—although production is at 
all-time peaks—are generally tight, 
particularly in the styrenes, vinyl ace- 
tate and polyethylene. Here is a 
breakdown of the situation, based on 
a summary by Frank H. Carman, 
assistant secretary in charge of plas- 
tics, Manufacturing Chemists’ Asso- 
ciation, at the recent Annual Tech- 
nical Conference of the Society of 
Plastics Engineers in New York City: 


Phenolics. With more phenol pro- 
duction could be increased about 
20 per cent. Moderate expansion of 
facilities underway; new capacity 
probably ready by mid-year. This 
class of resins will not be in over- 
supply for some time. 


Ureas and Melamines. Production 
since mid-1950 at all-time peak, but 
still lags requirements. New capacity 
for melamine expected, but may fall 
short of pyramiding civilian and de- 
fense demands. 


Polyesters. Present volume now 
estimated at triple that of 1949. But 
basic chemicals for resin (benzol, 
maleic anhydride, styrene, glycols) 
are short. Any substantial increases 
will require diversion of chemicals 
from other less essential uses or 
further expansion of basic raw mate- 
rials, 


Cellulosics. Production will con- 
tine to be restricted by raw materials 
such as cotton linters, wood pulp and 
plasticizers. Supply is tight now; pos- 
sible improvement in the second 
quarter and last half of 1951 as new 
raw materials sources come in. 


Vinyls. These have had a pheno- 
menal growth, particularly the chlo- 
ride copolymers. There’s demand for 
every pound of resin made; con- 
sumers could use 25 per cent more 


Sources: In addition to sources named, statis- 
tical data were obtained from: The Aluminum 
Association; American Gear Manufacturers As- 


than now available. Substantial ex- 
pansions under way but chlorine 
availability is a threat. Foreseeable 
defense requirements can be handled 
without difficulty. Resins based on 
vinyl acetate (polyvinyl acetate, al- 
cohol and butyral) are now extreme- 
ly critical. Only the most essential 
civilian and defense products will be 
able to obtain these resins. 


Styrenes. Very little encouragement 
for improved supplies in 1951. Rub- 
ber program now being accelerated 
will undoubtedly make the polysty- 
rene position most critical in the first 
quarter when rubber production 
should reach a peak. Plastics may get 
some relief in the second quarter. 


Acrylics. Sheet and molding mate- 
rials are currently short, but suppliers 
are confident that war demands and 
most essential needs can be handled. 
Additional capacity this year. 


Polyethylene. Almost a _ 100-per 
cent increase in production rate will 
be possible by the end of the year. 
But potential defense uses plus some 
essential industrial products will re- 
quire all the available production 
when mobilization really starts to roll. 


Machine tool orders scored a 
whopping big rise in December. The 
NMTBA new orders index soared to 
410.1 from 291.9 in November. In 
December 1949 it stood at 82.5. The 
foreign orders component of the in- 
dex soared from 26.6 to 112.8. Ship- 
ments index rose from 110.9 to 135.7, 
Ratio of unfilled orders to shipments 
was off a littlke—11.9:1 as against 
12.5:1. (Average of shipments 1945- 
46-47—100) 

Gearing industry volume (AGMA 
index) shot up by 22.6 per cent in 
December as compared with Novem- 





sociation; American Home Laundry Manufact- 
urers’ Association; American Iron & Steel 
Institute; Copper Institute; National Machine 


ber. Index was computed at 680.4. 
(1935-39—=100. ) 


Television receiver production was 
still going strong in December—858,- 
500 units, a peak month for 1950 and 
bringing the year’s total to 7,463,800 
sets. Home radios, too, made a high 
for the year—957,100 sets with the 
total for the year 8,174,600. Auto 
sets accounted for 4,740,600 units 
and portables for 1,674,700 for the 


year. 


January factory sales of house- 
hold vacuum cleaners were off by 2.2 
per cent from December—282,305 
vs 288,756 units . . . December house- 
hold washers were also a shade off— 
377,013 units against 379,964. 


Materials restrictions, shortages, 
end-use limitations, and other mobili- 
zation headaches do not necessarily 
spell frustration to management and 
their design engineers . . . Here are 
two examples: The RCA Victor con- 
servation program made available to 
radio and TV manufacturers in a re- 
port entitled “Conservation of Criti- 
cal Materials.” And the new 
Philco completely redesigned televi- 
sion chassis that completely elimi- 
nates use of cobalt, reduces aluminum 
by 68 per cent, makes other vital 
materials savings. 


“How-to” booklets on obtain- 
ing defense contracts have been pub- 
lished by the Research Institute of 
America, 292 Madison Ave., New 
York 17, under the titles “Selling to 
the Armed Forces” and “How to Get 
Military Business.” Single copies are 
available without charge to readers of 
ELECTRICAL MANUFACTURING on let- 
terhead request, as long as the sup- 
ply lasts. 





Tool Builders’ Association; Radie-Television 
Manufacturers Association; and Vacuum Clean- 
er Manufacturers’ Association. 


Electrical Manufacturing Wi cl Among feature articles scheduled to ap- 


pear in forthcoming issues @ Designed-in Overload Protection for motors @ Survey of 


Resistors for electronic circuits @ Concluding part of Magnetic Amplifiers discusses 


circuits @ Development of an Analog Computer for general industrial use @ Specifi- 


cations for Plasties for military applications. 
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Tight Materials 


HORTAGES of all kinds of metals 

and certain basic ingredients of 
plastics are going to be acutely felt for 
many months to come. The restrictive 
M-orders have been coming out of Wash- 
ington so fast as to leave the manufac- 
turer no alternative but to cut back pro- 
duction of non-essential products. Basi- 
cally, that is the main objective, along 
with government stockpiling. 

Within a matter of weeks nearly every 
material that might serve some useful 
purpose in rearmament had been tied 
up with end-use restrictions. The net 
result is that the designer is left with 
little opportunity to make any reason- 
able substitutions. Except for strictly mili- 
tary products and industrial machinery, 
the substitutions will be in the form of 
end products that rate a DO classification, 
rather than of materials. Consumer prod- 
ucts are bound to suffer. 

For the present, fortunately, practical 
loopholes are being left in M-orders to 
permit the continuation of technological 
uses of basic metals even for civilian 
production. It would be difficult to con- 
struct a motor, for example, without cop- 
per unless aluminum was substituted; the 
latter is also in critical supply. Nearly 
all the plating metals, including copper, 
are restricted because most of them are 
also used as alloying elements in steel. 
Those that are not, like cadmium and 
zinc, are restricted because of their wide 
use as protective coatings for components 
in military equipment. Recently it was 
proposed that the coating thickness on 
galvanized pipe (including electrical con- 
duit) be cut in half. About the only 
metal not yet in short supply is silver, 


but wait until radar “plumbing” really 
gets going! 

During the last war necessity brought 
forth several substitute materials of per- 
manent value. The National Emergency 
(NE) steels (based on alloying metal 
residuals in mixed scrap steel of unknown 
chemical content) led to the very useful 
concept of judging steels by their rate 
of hardenability and other more conven- 
tional physical properties rather than 
chemical analysis. In recent weeks, bal- 
anced multiple-alloy steels were disclosed 
that will use even smaller percentages of 
critical nickel, chromium and molyb- 
denum. To aid hardenability they are 
fortified with minute additions of boron 
which is plentiful in the form of borax. 

The newest metal to be commercial- 
ized—titanium—is too little known to 
the design engineer to have found appli- 
cations requiring more than the present 
meagre supply. Right now, its chief uses 
are in aircraft, in both engines and fuse- 
lage surfaces where its weight-strength 
ratio is of real advantage. It may yet 
prove to be the wonder metal but elec- 
trical uses to date are practically nil. 
Demand may increase its commercial 
availability and reduce its present high 
cost. 

For the moment it looks as if the de- 
signer were going to be completely 
stumped and stymied at every turn. Yet 
he can take comfort from the probability 
that out of his present frustrations will 
come some new and useful knowledge. 
In the meantime he can plan for the fu- 
ture. There is nothing to hinder him 
from putting his product ideas on paper, 
to wait the day of unrestricted civilian 
production. 
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dinnerware-forming machines 


Problem: To develop two functionally separate, but design-unified, machines 


for semiautomatic operations in a small pottery, yet to make them adaptable 


for integration into a completely automatic system when capacity has to be in- 


creased. Solution: A basic hydraulic system with interlocking, electrical controls. 


SIDNEY H. FELDMAN, Assistant Chief Engineer, Miller Pottery Engineering Company 


ROM ITS earliest beginning in the United 

States, the pottery industry has been essentially 

a handcraft industry. Mechanization has entered 
the field only in the past two decades. The fully auto- 
matic jiggering system was perfected in the nineteen 
thirties. This system combined the four operations of 
forming dinnerware, which are (1) placing a measured 
amount of clay in or on an open-top plaster mold, (2) 
preforming the clay to shape under pressure, (3) tool- 
ing to final size or jiggering, and (4) drying. 

Secause the fully automatic system was designed for 
large-scale production, it could not be efficiently uti- 
lized in the small pottery. During the past ten years, 
several semiautomatic machines have, therefore, been 
placed on the market to offer the small plant some 


Fig. 1 Fig. 2 


degree of mechanization, but these machines were not 
widely accepted by the industry. A review of the 
existing market in the spring of 1949 indicated that a 
market for semiautomatic equipment was still open, 
provided that such equipment could later be integrated 
into a completely automatic installation as plant capacity 
expanded. The general problem was to design a press 
and a jiggering machine which would meet the fol- 
lowing requirements : 

1. The machines must be entirely independent of each 
other, 

2. There must be provision for conveyorizing the 
installation with a minimum of changes. 

3. The machines must be designed for quick change- 
over from one type of ware to another. 
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Fig. 3—A “worm’s eye” 
view of the index mecha- 
nism for the machines as 
assembled to a_ spring- 
actuated moving platen. 
Spring is activated by a 
suitable solenoid arrange- 
ment. Electrical interlocks 
prevent indexing while 
platen is in motion. (In- 
dex mechanism is removed 
when machines are con- 
veyorized. ) 






4. There must be a minimum of working parts and 
all parts must be readily accessible. 

5. The machines must be well styled. 

6. They must be designed to sell at a competitive 
price. 

Functionally, the press and jigger are entirely differ- 
ent. However, the basic design requirement makes 
them one design problem since they must be capable 
of operation as a single machine. At this point it would 
be well to discuss the operations performed by the two 
machines. In machine forming of dinnerware, the first 
operation is the feeding of a measured amount of clay 
on a suitable mold. There is existing apparatus to per- 
form this operation independently of the machine; so 
this step is not involved in the design problem. 


Fig. 1—Semiautomatiec press for preforming dinnerware. 
Pressure is 2 tons per piece; dies are heated to 350 F. 
Fig. 2—The jiggering machine for final tooling. Mold 
rotates at 350 rpm to 800 rpm against tool, with close 
control of feed and speed. Note attractive styling. Both 
machines are electrically controlled; and can be easily com- 
bined into one fully automatic machine, as shown below. 
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The second step of pressing, or preforming the clay 
to shape, is performed on a press which must apply 
a force of 2 tons per piece to satisfactorily fill out a mold. 
The die which shapes the clay must be heated to 350 F. 
A cushion of steam vapor is formed between the clay 
and die face which prevents the clay sticking to the die. 
The pressing operation must be completed before the 
steam cushion blows out and the clay contacts the die. 

Jiggering of ware is the final shaping to size. This 
is performed by rotating the mold at a speed of 350 
rpm to 800 rpm under a tool. The clay must be lubri- 
cated with water while it is tooled in order to prevent 
the clay from tearing and to bring a high polish on the 
surface of the clay at the conclusion of the jiggering 
operation. This water is sprayed on the ware for only 
a portion of the jiggering time and must be closely 
controlled since either too little or too much water 
will spoil the piece. 

Successful jiggering requires close control over the 
rate of feed into the tool and the rotational speed of the 
mold under the tool. Since both of these items are 
dependent upon the clay body being used, and every 
pottery uses a different body, they must have convenient 
and infinitely variable control. It is desirable that the 
mold be rotated with constant torque regardless of the 
speed of rotation. Setup and emergency operational 
requirements for both press and jigger are that the 
machines must be capable of being stopped, held sta- 
tionary, or reversed from any part of the cycle. Investi- 
gating the various methods available for producing 
the necessary movements revealed that an electrically 
controlled hydraulic system was most satisfactory. 

Maximum productive capacity of the machine, when 
conveyorized, was set at 20 pieces of ware per min 
which equals that of the fully automatic machine. 
Utilizing a conveyor which was developed for the 
fully automatic machine made it possible to produce 
two pieces per machine cycle. The jigger machine cycle 
was, therefore, set at 6 sec, or 10 cycles per min. When 
used as semiautomatic machines an indexing wheel re- 
places the conveyor sprocket and permits the operator 
te unload and load the machine during operation. A 
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Fig. 4—Hydraulic system for the press. 


semiautomatic setup reduces production since it is de- 
pendent on the pace of the operator. 

Basic Frame. Manufacturing economy dictated that 
the basic frames of both machines be the same. The 
form of an up-moving press satisfied a basic operation 
of lifting a mold out of a carrier and raising it to a die 
or tool on both machines. Completed designs for press 
and jigger are shown in Figs. 1 and 2. The basic frames 
are identical with the exception of the top piece. Each 
frame consists of a bottom platen upon which the entire 
machine is assembled, two strain rods which carry the 
moving platen, and the top platen for the press and 
the clay box for the jigger. Bottom and top platens 
are extended beyond the strain rods to provide enclosures 
for the hydraulic and electrical controls. 

The moving platen on the press carries adjustable 
chuck stands for lifting the molds. Mounted on the top 
of the shank is a chuck shaped to receive the mold bot- 
tom. This chuck is lined with rubber to absorb the 
impact of pressing. Hydraulic motors are mounted on 
the moving platen of the jigger. On the output shaft 
of these motors is a tapered adapter on which is clamped 
a chuck which carries the mold. 

Supports for the heated dies are mounted on the top 
lintel of the press. These supports have a cam lever 
for attaching and releasing of the dies. Only a 60-deg 
movement of this lever is required for locking or releas- 
ing. The clay box of the jigger has two holes in the 
bottom for passage of the molds. Mounted on the rear 
of the box are sturdy tool-mounting arms. Tools are 
clamped to these arms with screw clamps as shown in 
Fig. 2. 

With the exception of the strain rods and clay box, all 
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FS Foot switch S-2 peed valve 
LS-1 Initial index arm limit switch S-3 } solenoid 

LS-2 Platen-bottom limit switch PB Pushbutton 
LS-3 Second index arm limit switch LR Latching relay 
LS-4 Solenoid-pin limit switch LC Lower coil 
LS-5 Reversing limit switch UC Upper coil 
LS-6 Platen-bottom limit switch No. 2 ER Emergency stop 


S-] Index solenoid relay 


Fig. 5—Elementary diagram of electrical circuit. 


parts of the basic frames are welded of structural shapes 
and mild steel plate. Strain rods are turned and ground 
shafting. Clay box and scrap chute are subjected to 
constant water spray and contact with abrasive clay. 
Stainless-clad plate is used in these pieces to prevent 
corrosion and to facilitate cleaning at but slightly higher 
cost than mild steel. 

External styling expresses the machines’ functions. 
All controls and working parts are located and grouped 
for accessibility and symmetry ; hydraulic controls being 
located in the left end-enclosures and electric controls 
in the right end-enclosures. Reinforced 14-gage sheet- 
steel covers are secured with self-tapping screws or 
spring lock fasteners providing easy removal for major 
maintenance. Conveniently placed doors provide access 
to all valves and electrical controls for ordinary adjust- 





Fig. 6—Arrangement for heating press dies, and the as- 
sociated thermostatic controls. 
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Fig. 7—Schematic hydraulic system for the jiggering machine. 


ments. All covers, except those in the rear, are identical 
for both press and jigger, reducing manufacturing cost 
and providing a family resemblance in both machines. 

Index Mechanism. This (Fig. 3) is used in the semi- 
automatic installation and is removed when the installa- 
tion is conveyorized. The mechanism is powered by the 
moving platen extending the spring on its downward 
stroke. A drum, integral with the shaft to which is 
locked the index wheel, contains three bushings which 
are used to move and lock the mechanism. A spring- 
loaded solenoid pin extends into the pin in the locked 
position. A second spring-loaded pin extends into the 
bushing 120 deg in front of the locking position. This 
pin is mounted on a slotted arm which is moved by the 
roller arm controlled by the spring and counterweight. 
When the operator energizes the solenoid, it retracts 
the solenoid pin, allowing the spring to turn the operat- 
ing arm and through it the slotted arm and index wheel 
through 120 deg against a positive stop. At that point 
the stronger spring load on the solenoid pin pushes the 
index pin out of the bushing, allowing the counterweight 
to retract both arms to their original positions as the 
moving platen moves up. The operation of the levers 
is interlocked electrically with the rest of the machine 
cycle to prevent indexing while the moving platen is 
in operation. 

Hydraulic Circuit of Press. This system (Fig. 4) has 
been made as simple as possible. The requirements are 
(1) it must raise the moving platen 8-in. in 134 sec 
and exert a usable force of 4 tons while pressing; (2) 
it must be relieved of pressure when not operating the 
moving platen; and (3) it should be possible to stop 
and hold the moving platen at any point in its travel. 
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SS Cutout switch 
FS Foot switch TR Time deiay relay 


PB Pushbutton 
LS Limit switch S 


Fig. 8—The electrical circuit. 


Solenoid 





Component parts are the tank, pump, relief valve, four- 
way valve, counterbalance valve, cylinder and check 
valve. The tank is located in the front semicircle of 
the machine under the index mechanism. It is welded 
to the bottom platen in assembly, and provides a base 
for the drive motor, pump, relief and check valves. 

A 5-hp axial air-gap motor powers the system. Its 
small size is important since mounting space is limited ; 
the large flywheel effect is useful in evening out peak 
loads on the motor at the instant of pressing. Pump is 
a constant-displacement vane-type unit with output of 
11 gpm at 1000 psi. A solenoid-operated, pilot pressure- 
controlled four-way valve is used to obtain directional 
control of fluid in the system; the valve is spring 
centered and open centered. With both solenoids de- 
energized, this valve shifts to a neutral position and 
directs flow of fluid from the pump back to the tank, 
making it possible to relieve pressure in the system by 
de-energizing the solenoids. Check valve provides the 
necessary back pressure in the line to operate the valve. 
Counterbalance valve allows free flow of fluid from 
the four-way valve to the bottom port of the cylinder 
and controls reverse fluid flow. Pressure setting on 
valve is sufficient to stop and hold the moving platen 
at any point in its travel during this operation. 
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Electrical Control Circuit of Press. Function of this 
circuit is to index the machine, control moving platen, 
provide emergency stop facilities, and provide a means 
for operating the moving platen without energizing the 
complete control circuit. The circuit must be so con- 
structed that there cannot be any improper actuation. 
Operator is provided with three controls, a foot switch 
to start the cycle, an emergency stop switch, and manual 
switch to operate the four-way valve without the use 
of the circuit. The electrical control circuit is shown in 
Fig. 5. Brief description of this circuit follows: 

The normally open foot switch FS, a normally open 
limit switch LS-2, closed by the moving platen in its 
bottommost position, and a normally open limit switch 
LS-1, closed by the sletted index arm in its initial 
position, are connected in series with the index solenoid 
S-1. This connection prevents the operator from actu- 
ating the index mechanism until the moving platen is 
clear of the index wheel and the index mechanism itself 
is in position to operate correctly. As the index arm 
moves forward, limit switch LS-1 is opened, de-ener- 
gizing solenoid S-1. At the end of the index arm motion, 
the normally open limit switch LS-3 is closed. At the 
same time, the index lock pin locks the mechanism and 


Fig. 10—Jigger man- 
ual hydraulic control 
(handle lower left) 
and electric cutout 
switch. This is used 
when operator sets up 
machine. Note conven- 





ient grouping in panel. 


Fig. 9—Another view of the conveyorized system showing arrangement for feeding clay into mold (sprocket at lower left). 


normally open limit switch LS-4. Closing 
LS-3 and LS-4 energizes the lower coil of latching 
relay LR-1, which is connected back to the line across 
normally closed contact ER of the emergency stop 
relay. Energizing the lower coil of LR-1 closes the 
normally open contact LR-1, thereby energizing the 
solenoid S-2 of the four-way valve, causing the platen 
to rise. 

At the peak of its rise, the platen closes a normally 
open limit switch LS-5, which energizes both the upper 
coil of relay LR-1 and the lower coil of relay LR-2, 
which is connected back to the line across a normally 
closed contact of the emergency stop relay ER. Ener- 
gizing the upper coil of LR-1 opens the relay and de- 
energizes solenoid S-2. Energizing the lower coil of 
LR-2 closes the normally open contact LR-2, energiz- 
ing the solenoid S-3, which reverses the four-way valve 
and lowers the platen. At the bottom of its travel, the 
platen closes a normally open limit switch LS-6, ener- 
gizing the upper coil of relay LR-2, which opens the 
contact LR-2, de-energizing the solenoid S-3. 

A momentary contact normally open pushbutton 
PB-3 controls the emergency stop relay ER. Relay ER 
has two normally open and two normally closed con- 
tacts. One normally closed contact is in series with 
the lower coil of LR-1 and the other is in series with 
?, One normally open contact is 


closes 


the lower coil of LR-2. 
connected in parallel with limit switch LS-5 and the 
other is connected in parallel with limit switch LS-6. 
Closing PB-3 energizes the coil of the relay ER opening 
the normally closed contacts and closing the normally 
open contacts, thereby opening the relays LR-1 and 
|LR-2 and de-energizing both solenoids S-1 and S$-2 
of the spring-centered four-way valve. 

Manual operation is accomplished by two normally 
open pushbuttons, PB-1 and PB-2, mounted on the 
main control panel. PB-1 is connected directly to sole- 
noid S-2, and PB-2 is connected directly to sole- 
noid S-3, making it possible to operate them without 
the use of the relay circuits. This arrangement is neces- 
sary for operation of the machine after an emergency 
stop drops out the control relays. These directly con- 

(Continued on page 216) 
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electronicall 


Measuring heads and electronic circuits for automatically classi- 


fying production parts according to dimensional variations. 


A, C. SANFORD, 


CCURATE linear measurements range all the 
way from %¢ in. scale tolerances used in 
structural steel work, to the manufacture of 

precise gage blocks where tolerances are measured in 
a few millionths of an inch. Linear measurements to an 
accuracy of a few ten thousandths of an inch are today 
considered necessary for the volume production of inter- 
changeable parts. 

For various reasons, tools do not produce parts of 
exactly the same size. Variation from one piece to the 
next is affected by many factors. If the manufacturing 





Design Engineer, Federal Products Corporation 


process is under control the parts produced will be 
the same size within a small variation. Some dimensions, 
however, will gradually change with dulling or wear of 
the cutting tool. Repetitive linear measure is_neces- 
sary, first, to set up the machine or process to produce 
the desired dimension, and second, to see that the 
dimension stays within tolerance as production proceeds. 

Where the parts are expensive—a cast frame for a 
large generator, for example—the expense of measuring 
various dimensions is small compared to the value of 
the part. However, when a large quantity of parts are 
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Typical application of automatic gaging includes the mechanism for feeding the parts at fixed intervals, a meas- 
uring element, and electronic means for selecting and operating classifying gates. Rear view of electronic equip- 
ment shows rectifier power supply for trap-door solenoids and various classifier decks. 
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Fig. 1 (Left)—Contact-making attachment for a dial indicator. Dial gage spindle tilts contact bar supported on a 


hinge spring, magnifying spindle motion five times. Locking-in action is supplied electronically. 


Fig. 2 (Right) 


—When contact is made between points I and 2, or 2 and 3, grid-controlled rectifier tube locks in and relay is en- 
ergized. An external timer opens switch S to stop conduction of the tube and restore circuit. 


required, it may be cheaper to produce rapidly with a 
reasonable degree of process control and then manually 
sort out the bad parts.* Such inspection may cost 
more than the part, and it is therefore necessary to 
measure and sort automatically. 

Basically, an automatic gage is a combination of 
material-handling equipment, a suitable measuring de- 
vice, and some means of distributing the measured parts 
according to measured dimension. These are the same 
functions performed by an operator. The important 
difference is that the automatic gage performs at a 
much higher rate of speed, with greater accuracy and 
impartiality, and most important, without fatigue. 

The first problem encountered in the material-han- 
dling section of an automatic gage is orienting of parts, 
usually done with some conventional form of hopper 
feed. After orientation, the parts are moved past 
the measuring transfer device such as a reciprocating 
slide, feed wheel or Geneva motion. The choice of 
type of orienting, feeding and driving mechanism will 
not be discussed here. 

With the part in measuring position, a difference in a 
dimension from one part to the next may be con- 
verted into an electrical impulse by several different 
methods. A light source and phototube may be used 
to scan the part with an electronic relay to operate the 
disposal selector. Other devices use air escapement 
between a jet and the work-piece to operate differential- 
pressure switches. The most widely used measuring 
devices, however, employ spindles which physically 
touch the part to be measured. These spindles are 
restrained to move only in a longitudinal direction, 
with the movement of the spindle a direct function of 
the dimension being measured. This movement can 
then be converted into an electrical signal which be- 
comes the operating means for the automatic sorting 
function. 

Of the two basic types of measuring devices available 
for this purpose, the first and simpler one includes 


*For a further discussion of quality control objectives and methods 
see “Electric Computer Continuously Calculates Quality Level,” C. J 
Falk, Evectricat Manuracturinc, September 1950, p. 108. 
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several switches actuated successively by increasing 
movement of the spindle. The second type of device 
consists of a coil (attached to the spindle) which moves 
between two fixed coils. The switch arrangement is 
adaptable to ordinary work and slower measuring rates 
or where the signal required is no more than an 
indication of oversize, undersize and good. For ap- 
plications requiring greater accuracy, higher speed, 
multiple classifications, or the use of a recording device, 
the moving-coil type of unit has advantages. 

For a  switch-type device, commercially available 
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Fig. 3—Gage head providing output varying with dis- 
placement for classifying service. Fixed coils connected 
in opposition are supplied 100-kce power which the mov- 
ing coil on the spindle picks up by induction. At elec- 
trical neutral position, net induced voltage is zero. 
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snap-action switches do not have sufficient accuracy 
for most gaging operations. To reduce backlash between 
on and off positions, the switch shown in Fig. 1 was 
designed using a bar pivoted on a spring hinge at its 
center point, and a contact at either end of the bar. 
The switch was made to mount on the back of a dial 
indicator, with the spindle contacting near the hinge, 
thus providing a mechanical magnification. An over- 
size part causes contact between one end of the pivoted 
bar and an adjustable contact; with a good part the 
pivoted bar touches neither contact ; an undersize part 
engages the contact at the opposite end of the pivoted 
bar. 

Mechanical snap-action, or self-holding, is provided 
electronically by the circuit shown in Fig. 2. The two 
adjustable contacts of the switch are connected to 
terminals 7 and 3, and the pivoting bar is connected 
to terminal 2. For safety the circuit is low voltage. 

When the gage spindle contacts an undersize piece, 
the circuit will be completed between J and 2, changing 
the grid potential from approximately —20 volts (which 
has kept the tube from firing) to ground potential. 
Operation of V2 causes relay to close, and remain closed 
until the d-c plate supply of the gas-filled tube is opened 
by timer switch S. This holding circuit is necessary 
since time is required to get the measured part from 
the measuring position down through the correct 
disposal trap door. The desired interval is obtained 
by a timer energized by a cam switch on the drive 
mechanism and _ therefore synchronized with the 
measuring operation. Disposal trap doors are operated 
on direct current obtained by a rectifier from the a-c 
line. 

With an oversize part the circuit between 2 and 3 will 
be completed and the other tube and relay will operate 








and release after the fixed time interval. To aid in set- 
ting the adjustable contacts a switch is provided to cut 
out the choke and timer, interrupting the holding circuit 
at twice line frequency. Thus, the relay will hold in 
only while contact is made. 

On some applications, it is desirable to obtain an 
average size indication from the parts flowing through 
the gage and overlook extreme high or lows. An RC 
circuit inserted between the grid of the gas-filled tube 
and the contact terminal has the effect of slowing down 
the change in potential of the grid. The resistance 
can be adjusted to give a delay of up to 4 or 5 sec, or 
cut out of the circuit entirely. With parts going through 
the gage at a fixed rate, an indication will be given 
only when parts are consistently over or under. 

Variable output gages under certain conditions are 
more desirable than simple sorting mechanisms. For 
such applications the movable-coil type of measuring 
device is used. This type consists of a measuring head 
which carries the spindle, fixed and movable coils and 
measuring pressure spring. 

In the circuit employed, line power is rectified and 
regulated to provide a voltage constant within 1 per 
cent with a line voltage variation of 10 per cent. Regu- 
lated d-c voltage is fed to an oscillator with 100-kc 
output maintained within very small limits by a control 
tube. Part of the high frequency is applied to the 
gage-head coils and part to a zero adjustment that 
contains a coil arrangement almost identical electrically 
with the head coil assembly. The spindle coil in its 
electrical neutral position picks up no power, but dis- 
placement from neutral will induce a high-frequency 
voltage almost directly proportional to displacement. 
Coil output is fed to a four-stage amplifier and a phase 

(Continued on page 226) 
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Fig. 4—Progressive electronic classifier circuit. Grids and plates are all in parallel, but bias is adjusted progressively 
from each stage to the next. Relay supplied by each tube cuts off plate power to the one ahead. Application of a 
given d-c grid signal progressively closes and opens each stage until the bias setting exceeding the signal is reached; 
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the last tube energized stays on until plate voltage is interrupted. 
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Developments in 


high-temperature metals 


and ceramics 


Refractory-type metals, ceramics and metal-ceramic compounds are particularly 


desirable in contemporary product design. Not only resistance to elevated 


temperatures is emphasized, but also combinations of other special character- 


istics such as superior mechanical strength and high insulation resistance. 





HANS THURNAUER 


Director of Research 
American Lava Corporation 


ECHNOLOGICAL progress carries in its wake 

requirements for materials which must withstand 

high temperatures. There are numerous cases 
where progress is retarded merely by the lack of suit- 
able refractories or where efficiency has to be sacrificed 
due to the temperature limitations of the structural 
materials available. The development of gas turbines, 
jet engines, rockets and rocket motors, nuclear reactors, 
and in general most chemical processes where heat and 
pressure reactions are involved may serve as examples. 
Even progress in the electronics field is retarded by 
lack of suitable materials capable of withstanding high 
temperatures. 

It is, therefore, understandable that during recent 
years a great amount of research and development work 
is being directed towards high-temperature refractory 
materials. In the search for new materials, emphasis is 
not only placed on refractory qualities, but rather 
on combinations of several properties. These may be 
resistance against oxidation or chemical attack, high 
mechanical strength at elevated temperatures, or high 
insulation resistance. For nuclear reactors, nuclear 
properties of the elements have to be considered, such 
as capture cross-section, scattering cross-section, energy 
loss, and: slowing-down power. Last, but not least, 
formability and availability are determining factors. 

Among the numerous materials investigated, or being 
investigated this short report is concerned only with 
those which either have found technical applications or 
may be considered practical at this time. This does not 
mean, however, that the known materials which are 
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omitted here may not find uses at a later date. New 
developments in this field take place at so rapid a pace 
that it is hard to predict what the future will bring. 
Refractory materials are conveniently classified into 
metals and metal compounds. The metal compounds, 
which may be metal oxides, carbides, nitrides, phos- 
phates, borides or sulphides are usually shaped and 
processed by ceramic methods and it is therefore per- 
missible to call these ceramic materials. Combinations 
of metals with metallic oxides which are also used for 
high-temperature applications are neither metals nor 
ceramics—new names had to be given to them. They 
are known in this field as “cermets” or “‘ceramals.” 





Some examples of AlSiMag high-temperature technical 
ceramics made to specifications in optically flat, per- 
manently rigid disks and plates up to 9 in. diam. The 
three larger pieces are flat within one to two light bands 


(0.0000116 in. to 0.0000232 in.) 
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Fig. 1—Melting points of some refractory metals 4, some refractory oxides and carbides B, and nitrides and sulfides C- 


In evaluating a metal for its usefulness at elevated 
temperatures, we must consider its rate of oxidation. 
If we arbitrarily set 1000 C as the low-temperature 
limit for a refractory metal, we have some metals or 
metal alloys available which can be used in air. 


Refractory Metals 

Up to 1060 C, an alloy consisting of 80 per cent Ni 
and 20 per cent Cr is used. Other alloys such as these 
typical compositions: 37.5 per cent Cr, 7.5 per cent Al, 
and 55 per cent Fe, or 2 to 3 per cent Co, 4 to 6 per 
cent Al, 22 to 25 per cent Cr and the balance iron are 
used up to 1300 C. These higher-temperature alloys 
contain no nickel, are rather brittle, and their manufac- 
ture must be controlled with great care. 

For still higher temperatures, up to 1600 C, we have 
to resort to the noble elements, such as ruthenium 
(Ru), rhodium (Rh), osmium (Os), palladium (Pd), 
iridium (Ir) and platinum (Pt). (See 4 in Fig. 1) Only 
platinum is available in sufficient amounts to be useful as 
a refractory metal. It is used in the form of resistance 
wires for laboratory electric furnaces up to 1550 C. 
Occasionally, platinum is used for electrodes in spark- 
plugs fired directly into the ceramic core. Platinum-lined 
crucibles for special glass melts are not uncommon. 
Such melts may be used for making optical glass or 
for growing synthetic crystals, such as mica crystals 
from a fluoride melt.* A wider choice of refractory 
metals is available if a protective atmosphere is em- 
ployed to avoid oxidation. 

Tungsten (W) filaments are widely used in incan- 
descent lamps and vacuum tubes. The service tem- 
perature of these filaments is 2500 C. Tungsten has the 


see ‘Progress in Synthetic Mica,” Roland D. Jackel, Exectrricat 
MANUFACTURING, March 1950, p. 78. (Reprint available; see No. 113, 
Reader Inquiry Facility, page 169.) 
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highest melting point of the metals (3400 C), but is 
limited in its applications because of its cost and difh- 
culties in forming. 

Molybdenum (Mo) has a very much lower melting 
point (2620 C), but it can be formed more easily than 
tungsten. Its ultimate strength after recrystallization 
and elongation makes it superior to tungsten in many 
applications. Thus it is used extensively for grids in 
electronic tubes, because of its elasticity and resistance 
to deformation at elevated temperatures. Other applica- 
tions are: support wires in electronic tubes, X-ray tar- 
gets and electrodes, and resistance elements in electric 
furnaces. 

Tantalum (Ta) has a melting point of 2996 C. Its 
ductility after annealing far exceeds that of the other 
two metals. One of its outstanding characteristics is 
its ability to absorb and retain gases at high tempera- 
tures and low pressures and it is therefore useful as a 
“getter” material in electronic tubes.¢ Columbium 
(Cb) has properties similar to tantalum. Its melting 
point is 1950 C. It only recently became commercially 
available and is used to a lesser extent than tantalum. 
As a getter material it is used in pellet form. Colum- 
bium can be spot welded with less difficulty than tan- 
talum. 

Rhenium (Re), thorium (Th), vanadium (V), and 
hafnium (Hf), as pure metals have not found technical 
applications. Titanium (Ti) and zirconium (Zr) 
metals are now made in commercial quantities. It is 
doubtful however, whether they will be used at higher 
temperatures ; their advantages lie in low temperature 
fields. Zirconium metal combines with practically all 
gases at elevated temperatures and is therefore useful 


+ Use of tantalum electrodes in electrolytic capacitors is an important 
development. See “‘Miniaturizing the Tantalum Capacitor,” J. H. Hall 


and F. H. Berghorn, November 1950, ELecTRICAL MANUFACTURING, p. 82. 
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Fig. 2—Properties of sintered alumina: A. Thermal conductivity. B. Expansion. 





as a getter material in electron tube manufacture. 

In order to increase the oxidation resistance of refrac- 
tory metals, refractory coatings have been applied to 
metal surfaces. It is reported that a protective coating 
for molybdenum permitted its use in air for over 5000 
hr at 1000 C and as long as 200 hr at 1700 C. Such 
coatings, of course, have to be fitted to the metal base 
to avoid peeling or cracking during heating and cool- 
ing; the thermal expansions of the two materials must 
be almost the same. They also have to give perfect 
coverage; even pinpoint defects cause early oxidation 
of the metal. 

Of great interest to high-temperature research is the 
measurement of temperatures at or above 2000 C. Op- 
tical pyrometers are used, but have certain limitations 
in accuracy that are not inherent in thermocouples. As 
early as 1926, a tungsten-molybdenum thermocouple 
was calibrated, but was found to have a low emf. A 
60-per cent rhodium, 40-per cent iridium thermocouple, 
was made in 1933 that is good up to 2000 C. Recently, 
a tungsten-iridium thermocouple has been developed 
which gives good results in neutral atmosphere or vac- 
uum. It is reported that such a couple has a useful 
life of 25 hr at 2000 C in hydrogen atmosphere. 


Refractory Ceramics 


The technology of pure oxide ceramics came into 
prominence only during the last 20 years. Their com- 
mercial production started in Germany, where pure 
oxide laboratory crucibles were made for the melting 
of metals and used for re- 
search on glass. In the early 
types of radio tubes, pure 
oxide insulators were used 
for the insulation of the ca- 
thode, but these were later 
replaced by sprayed-on coat- 
ings of oxide powders. (See 
B in Fig. 1.) 

Development of high-com- 
pression engines and more 
powerful fuels for automo- 
tive and airplane engines 
soon made _ conventional 
sparkplug insulation obso- 
lete. Better insulation had to 
be found than could be pro- 
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vided by Steatite, zircon, or sillimanite ceramics. The 
sintered corundum sparkplug insulator brought the 
solution to this problem. Revolutionary methods of 
forming and firing had to be invented to make sintered 
corundum cores on a mass-production basis. Today, 
oxide ceramics comprise a whole group of materials 
with outstanding physical and dielectric properties. 
They have the structural advantage of consisting of 
crystalline phases only. There is very little or no glassy 
phase present in pure oxide ceramic bodies. The homog- 
enous, one-crystal structure of oxide ceramics en- 
hances the mechanical strength and resistance against 
corrosion. We can readily see why a glassy phase in a 
refractory ceramic body is not very desirable. Glass at 
room temperature has the rigidity of a solid, but during 
heating, exhibits the properties of a liquid. It has no 
definite melting point, and deforms under stress much 
below the point where it becomes a liquid. While crys- 
tals also show plastic deformation under stress, they 
only deform at temperatures close to their melting 
points. 

The melting point of alumina (aluminum oxide) is 
2050 C, considerably lower than that of some other re- 
fractory oxides, but it has many outstanding qualities 
which make it one of the most desirable oxide materials. 
It is available in high purity, at reasonable prices; the 
same quality which provides the basis of aluminum 
metal production can be used for refractory manufac- 
ture. Aluminum oxide is one of the most stable metallic 
oxides and is not affected by reducing conditions, even 


Fig. 3—Thermal expansion and contraction characteristics of typical 
regular zirconia and stabilized zirconia. 
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at the highest temperatures. It is therefore an excellent 
material for vacuum-tube applications. It is also most 
satisfactory for supporting resistance wires, such as 
tungsten or molybdenum, in protective atmospheres and 
it is possible to reach temperatures of 1900 C in hydro- 
gen-protected molybdenum furnaces without oxidation 
of the metal or reduction of alumina. Sintered alumi- 
num oxide has been used as a protecive shield against 
oxidation of electrodes made of carbon, graphite, or 
molybdenum. Crucibles made of pure aluminum oxide 
are most resistant against attack of metals, oxides, sili- 
cates and salts. 

Thermal conductivity of sintered aluminum oxide 
bodies is high and decreases with increasing tempera- 
tures. (See A in Fig. 2.) This is interesting to note 
because it is contrary to most ceramic materials. As 
shown at B the coefficient of thermal expansion of sin- 
tered alumina increases with rising temperature, but 
does not show any inversion points: Fig. 2 C shows the 
change of tensile strength with temperature. 

A metallic oxide with outstanding physical properties 
at high temperatures is beryllia (BeO). Beryllia bodies 
have good mechanical strength, but considerably lower 
than that of Al,O, bodies. BeO, however, is distin- 
guished by very high heat conductivity and excellent 
heat shock resistance. The melting point of BeO is 
2570 C, almost 500 C higher than aluminum oxide. It 
is rapidly lowered by the addition of other refractory 
oxides. Sintered beryllium oxide must be manufac- 
tured in very clean atmosphere because any contamina- 


Fig. 4—Thermal expansion of magnesia. 
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tion becomes readily apparent after firing. It is also 
necessary to fire beryllium oxide separate from other 
articles. Its vapor pressure is high, especially under 
reducing conditions and in the presence of water vapor, 
so it is deposited on the kiln refractories during firing. 
BeO retains its good dielectric properties up to very 
high temperatures. 

Unfortunately, there is a considerable health hazard 
from breathing beryllium containing dust or vapor. 
Owing to this hazard, great care must be taken when 
working with beryllium and its compounds. Well-ven- 
tilated rooms and furnaces have to be provided. 

Zirconia has long been known to have excellent re- 
fractory properties. Natural zirconium oxide deposits 
in Brazil (baddelyte) containing up to 97 per cent ZrO, 
have been mined since the beginning of the century. 
Considerable difficulties were encountered in the use of 
this material for ceramic purposes. The purer the mate- 
rial the more difficult becomes its use as a ceramic raw 
material. Zirconium oxide is polymorphous, which 
means that it crystallizes in various forms. The crystal 
inversions are accompanied by large and abrupt volume 
changes and zirconia ware is therefore extremely sen- 
sitive to thermal shock. (See Fig. 3.) 

Recently, so-called stabilized zirconia has been pro- 
duced commercially. During the fusion of zirconia, or 
heating to 1000 C, small amounts of magnesia or calcia 
are added which cause zirconia to crystallize in the 
cubic system. Cubic zirconia has a straight expansion 
characteristic and can be used for ceramic purposes. 
It has fair thermal-shock qualities, but it is not as good 
as alumina owing to its poor heat conductivity. The 
melting point of ZrO, is 2680 C. It is rather difficult to 
produce a non-absorbent body of pure ZrO,, and tem- 
peratures of 1900 C to 2000 C are required for vitrifica- 
tion. The dense product must be handled with great 
care due to its poor thermal-shock quality. 

Of special interest is the electrical conductivity of 
ZrO, at high temperatures. Small additions of other 
oxides increase the conductivity considerably. The well- 
known Nernst body consists of 85 per cent ZrO, and 
15 per cent Y2O3 (yttrium oxide) and is used as an 
electric resistance element in high-temperature furnaces. 


Magnesium Oxide a Good Insulator 


One of the most important basic refractories is mag- 
nesium oxide, with a melting point of 2800 C. It is 
plentiful and available in very pure form. Pure mag- 
nesium oxide presents manufacturing problems because 
it hydrates easily and is difficult to vitrify. It is stable 
in oxidizing atmospheres but easily reducible at high 
temperatures and volatilizes, even in oxidizing atmos- 
pheres, above 2300 C. Among refractory oxides, mag- 
nesium oxide has one of the highest coefficients of ther- 
mal expansion. (See Fig. 4.) It is also one of the best 
insulators at elevated temperatures, although it hydrates 
slightly under humid conditions which limits its useful- 
ness considerably. 

Thoria has the highest melting point of the ceramic 
oxides, 3050 C, and also the highest density, 9.6. 
Thorium oxide is radioactive. Mixed with cerium 
oxide, it was used during the gas-light era in the well- 
known Welsbach lights as a radiant consisting of 99 
per cent ThO, and 1 per cent CeO,. Similar to ZrO,, 

(Continued on page 230) 
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INDIVIDUAL MOTOR DRIVES 
simplity yarn winders 


Application of power at point of use within machine improves performance and enables 


the use of assembly line techniques which reduce the number of operators required. 


W. L. PERRY, Chief Engineer, Abbott Machine Company 


NE STEP in the production of textiles is the 
winding of yarns from “packages” onto bobbins 
for use in loom shuttles. Machines have been 
available for winding the bobbins but all have required 
too many operators. Various automatic devices have 
been used on these machines to increase production and 
reduce the amount of handwork. However, with rising 
production costs, the need to further simplify opera- 
tions and reduce costs has become extremely critical. 

In answer to this need, Abbott Machine Co. has de- 
veloped a simplified winding machine, shown in Fig. 1, 
which accomplishes most of the formerly manual tasks 
with one automatic device. Essentially the machine is a 
moving assembly line since the individual winders are 
moved around a closed loop conveyor and when fully 
wound pass through a stationary automatic head which 
doffs the full bobbin and reloads the winding unit with 
an empty bobbin. With this combination of an auto- 
matic head and moving conveyor, the number of oper- 
ators is reduced, and the only tasks required of the 
operator, who can tend from one to four machines, is to 
tie in the supply packages and occasionally piece up a 
broken end. Bobbin production with this machine is in- 
creased to over two thousand bobbins per hour per 
operator. 

Machine consists of a stationary frame with a chain- 
type conveyor running around the outside periphery. 
From 40 to 200 individually motor-driven traveling 
winding units are connected to the conveyor. Power for 
the winder motors is picked up by brushes from bus 
bars mounted on the stationary frame. All necessary 
gearing as well as a cam to give a reciprocating motion 
to the thread-guide bar is contained in the individual 
traveling winding units. Automatic head incorporated 
into the machine is a mechanical device which doffs full 
bobbins and feeds empty bobbins to the winding units. 
Machine is fed by a bobbin feeding mechanism from a 
large supply hopper which holds 2000 to 3000 bobbins. 

Individual motor drives for the winding units were 
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chosen to obtain overall flexibility and simplicity, and 
to eliminate dirt and oil. With individual drives, ma- 
chines can be easily built with any number of winding 
units to accommodate different capacity requirements 
with a minimum of redesign. Requirements for the 
winder motors were: constant speed, low maintenance 
requirements and constant power consumption. Induc- 
tion motors rather than synchronous motors were se- 
lected since a sufficiently constant speed can be obtained 
with better starting characteristics and lower cost. Be- 
cause the motors had to be totally enclosed to exclude 
lint, it was necessary to design the motors slightly over- 
size to keep operating temperatures as low as possible. 
Practical operation of the winder requires that the 
bobbins rotate at approximately 3000 rpm for wool, 
worsted and cotton, 5400 rpm for rayon and other syn- 
thetic yarns. The motor finally used on both types of 
machines is a 2-pole, 3-phase induction motor rated at 
6 to 8 oz-in. torque, 44 volts, 60 or 90 cps. Motors 
have a l-in. stack, 2-in. diam rotor and 35¢-in. diam 
stator. 

In winding a shuttle bobbin, the yarn must be wound 
in a series of overlapping cones, progressively along the 
bobbin. To wind a bobbin in this manner requires a 
reciprocating thread guide, which is periodically in- 
dexed ahead. Reciprocating motion is imparted to the 
thread guide by a traverse rod driven from the winder 
drive motor. A worm mounted on the motor shaft 
drives a gear with a double-throw disk cam inset in the 
face of the gear blank. The cam follower drives the 
traverse rod through a linkage as shown in Fig. 2. 
Gear ratio and shape of cam is such that the traverse 
rod makes one complete oscillation for every 15 revolu- 
tions of motor shaft. In this manner, two cones or 
layers are wound on the bobbin per oscillation. 

In addition to the reciprocating motion, some method 
is needed to advance the thread guide along the rod 
after each oscillation (double layer) to avoid build up 
of the yarn in one location. Two methods of advanc- 
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Fig. 3—Thread guide on woolen winder is advanced 
through the action of a feeler contacting the yarn. Woolen 
winders operated at about 3600 rpm. 
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Fig. 1 (Top) — Com- 
plete installation of 
loom — shuttle-bobbin 
winders in a_ textile 
mill. Bobbins are 
wound automatically, 
the only handwork re- 
quired of operator is 
to tie in supply pack- 
ages and piece up a 
broken end. Bobbin 
supply hoppers at end 
of the machine hold 
about two to _ three 
thousand bobbins. 


Fig. 2—Only four 
moving parts on 
each winder unit 
drive the bobbin, 
and transmit a re- 
ciprocating motion 
to the thread 
guide. A built-in 2- 
pole 3-phase induc- 
tion motor is used 
to drive the unit. 








ing the thread guide were developed to suit the type of 

yarn to be wound. On woolen, worsted and cotton 
machines, shown in Fig. 3, the thread guide is advanced 
through the action of a feeler bearing on the bobbin. 
On rayon and other synthetic yarn machines, shown 
in Fig. 4, advancement of the thread guide is made by 
an overhead track cam since it is desirable not to touch 
the yarn with a roller or feeler. In the feeler-type 
winder, the thread guide actually crawls down the 
traverse rod. Every time the traverse rod with the 
thread guide returns towards the base of the bobbin 
after one oscillation, the spring-loaded feeler, shown in 
Fig. 5, is forced in towards the rack by the taper of 
the winding on the bobbin. As soon as the feeler en- 
gages a tooth on the rack, the thread guide is held sta- 
tionary and the traverse rod is pulled through a cork 
friction on the thread guide a distance equal to width 
of a rack tooth. This process continues with the thread 
guide being pushed along the traverse rod by the feeler 
engaging successive teeth on the rack until the bobbin 
is completely wound. At the outer end of the rod, the 
thread guide engages a lever which trips a rod to lift 
the contact brushes off the power track. 

On rayon winders, the function performed by the 
feeler and rack in the wool winder is accomplished by an 
overhead track cam which extends completely around 
the machine. This cam is tapered from near the motor 
end of bobbin at the start to the outboard end of the 





Fig. 4—Since it is desirable not to touch rayon or other 
synthetic yarns with a feeler or roller, advancement of 
the thread guide on rayon winders is accomplished by an 
overhead cam. For practical operation these winders are 
operated at about 5400 rpm. 












bobbin at the end of the winding operation. Thus the 
track cam gradually forces the thread guide along the 
length of the bobbin as the traveling winding unit moves 
around the machine in the same manner as the rack and 
feeler on the wool machine. 

When the bobbin is empty at start, it is necessary 
first to wind a reserve “bunch” for the looms. This is 
done by limiting the movement of the thread guide by 
confining the roller on the top of the thread guide be- 
tween two guide pieces. The inner guide forces the 
thread guide to wind against the head of the bobbin and 
the outer guide limits the travel to about % in. Length 
of the guides determines the yardage in the bunch, 
usually about 8 yards. The outer guide is shorter than 
the inner guide, and as soon as the traveling winding 
unit travels beyond the end of the short guide, the 
thread guide is allowed to traverse fully. Thus, by 
having the thread guide held to the traverse rod through 
a friction, the “bunch” building motion as well as 
means for plowing it back and forth can be obtained 
readily. Friction on the thread guide is one of the basic 
concepts in the design of the winder units that enables 
each winder to perform the complete operation with 
only four moving parts. 

The automatic head, shown in Fig. 6, is an ingenious 
mechanical device which removes the full bobbins from 
the winder unit at the end of the traverse. The bobbins 
are not put on a spindle but are held between two 


Taper of wind 
on bobbin 


,q0 ‘ 
—— Stationary 
‘ rack 
‘Traverse rod 
(Makes one complete cycle 
every /§ revolutions of bobbin) 





Fig. 5—As the thread guide nears the end of an oscilla- 
tion, the winding forces the feeler into tooth on the rack. 
When feeler engages tooth it holds the thread guide sta- 
tionary while traverse rod is pulled through a cork fric- 
tion on the thread guide a distance equal to one tooth of 
the rack. Thickness of yarn added by each thread guide 
oscillation causes feeler to engage successive teeth and 
thus thread guide crawls down the rack. In this manner 
the thread is wound on the bobbin in a series of over- 
lapping cones until the bobbin is built. 
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Fig. 6—Automatic head on 
each machine strips off full 
bobbins and loads the wind- 
ing unit with an empty one 
from the bobbin supply hop- 
per. Action is completely me- 
chanical. If a jam occurs or 
bobbin hopper is empty, 
head = automatically _— stops 
complete machine. 


hollow centers as in a lathe. 
Cam A in Fig. 6 presses 
latch B which retracts the 
tip holder C allowing the 
bobbin to drop onto the 
plate below. The winder is 
then pushed through the 
bobbin changing mechanism 
by a pusher D. As the win- 
der passes bobbin loader E, 
a bobbin held in fingers F is 
caught between the two cen- 
ters when the lever on the 
winder is released from cam 
A. These fingers are ar- 
ranged so they can swing 
to one side and allow the 
winder to continue around 
the frame. The thread guide 
is returned to starting po- 
sition as the winder moves 
through the mechanism by 
plow H. 

The upper part of Fig. 6 
also shows the bobbin feed- 
ing mechanism and supply 
hopper. The latter contains 
a slide working up and 
down to pick up bobbins and 
places them in track at J. 
Bobbins make a turn and 
continue down the track until they come to the escape- 
ment mechanism at J. Winding units going through the 
automatic head trip the escapement mechanism through 
lever K allowing one bobbin to pass. Bobbin drops down 
to lower end of track at L and then goes down into the 
fingers F and is ready to be gripped by the next winder 
that passes. Rod M acts as a stop motion in case bob- 
bins have yarn left on them and will not slide down 
the track; rod M also stops machine if there are no 
bobbins. On conventional machines for rayon, the bob- 
bins are delivered to the belt N which moves slightly 
every time a bobbin falls on the belt. This allows the 
operator to inspect the bobbins before packing them. 

When a thread breaks, a weighted detector wire just 
above the tension device swings in and trips the knock- 
off rod, the same rod tripped by the thread guide when 
the bobbin is full, to lift the brushes from the copper 
tracks around the machine and stop the motor. As each 
winder passes through the automatic head, a cam on 
the frame depresses the brushes to contact the tracks 
and start the motor. As the motor starts, the detector 
wire is lifted up by the yarn, and latches the brushes in 
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the down position. The brushes stay down and the 
motor runs until either the yarn breaks or the bobbin 
is full. Although each rayon winder has a full-bobbin 
detector, it is not ordinarily used since the outward 
traverse is limited by the overhead cam. The rayon 
winder simply runs off the end of the copper tracks 
to stop the motor. 

Another knock-off mechanism is used to stop the con- 
veyor in case of a jam of any kind when the winders are 
going through the automatic head. This mechanism con- 
sists of a drag link which connects the winders to the 
chain drive. The drag link is made of two pieces held 
in position by a spring. When this spring is extended 
due to a jam, the link swings to one side engaging a 
long rod which opens the power circuit of the conveyor 
motor. A gear reduction unit between the conveyor drive 
motor and the chain conveyor has a solenoid brake 
which is energized when motor power is removed. A 
brake is used along with a slipping clutch on the worm 
shaft to prevent inertia of the drive system from length- 
ening the stopping time. With these two devices the 

(Continued on page 226) 
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PRODUCT 











Pushbutton-Controlled Broadcast Tape Recorder 


All operating controls for this new high-fidelity tape recorder are 
centered in a pushbutton panel which may be remotely located. 
Interlocking of controls eliminates possibility of accidental erasure. 
Tape lifts free of heads during fast run or rewind. Equipment starts 
and stops within 0.1 sec; holds time variations to 2.5 sec in 30 min. 
Finish and appearance in harmony with other broadcast equipment 


in line. Radio Corporation of America, Camden, N. J. 





Gravity-Feed Food 
Chopper 
By mounting the 34-hp mo- 
tor with axis inclined, cutter 
can be direct driven through 
a 90 deg worm drive and in- 
clined for gravity feed. Sealed 
ball bearing takes all thrust, 
reduces friction. Feed tray is 
stainless; finish on enclosure 
is white with gray trim. 


Toledo Scale Company, 
Toledo, Ohio 


rm 
my heat Portable Radiant Heater 


i ' Built-in thermostat responsive to room tem- 
wn perature, controls power in new radiant glass 
: heater. Heating grid rated at 1000 watts is 
fused into glass panel, and mounted in frame 
24 in. high, 28 in. wide and 7 in. deep. Silver 
hammered finish. 





Appleman Glass Works, Bergenfield, N. J. 
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Packaged Vacuum Furnace 


Power supply, vacuum pumping system, 
gages and controls are all built in. Vacuum 
chamber formed by borosilicate bell jar. 
Heating element is a single-turn tungsten 
sleeve surrounded by nickel and molybden- 
um heat shields; operates up to 2000 C, 
with no refractories to outgas. 


National Research Cerporation, Cambridge, Mass. 


MARCH 1951 


Strainalyzer 


Self-contained electron- 
ic instrument ampli- 
fies, measures and rec- 
ords vibration, strain 
and dynamic stresses 
at frequencies up to 
50 ke. Four guns in a 
single 5-in. cathode ray 
tube provide four si- 
multaneous traces in 
correct time and phase 
relationship. Designed 
for standard _ strain 
gages and d-c bridge 
excitation using self- 
contained battery pow- 
er. Individual units 
mounted on panel are 
removable for servic- 
ing or remote use. 


Electronic Tube Corporation. 
Philadelphia 


Vertical Boring Mill 


Independent motors for rail 
and sideheads simplify me- 
chanical design and give 
greater flexibility in control. 
Pendant station has controls 
for remote hydraulic shifting 
for two table-speed ranges; 
mechanical shift lever is 
eliminated. Air filtered into 
cabinet for 50-hp motor. 


Giddings & Lewis Machine Tool Co., 
Fond du Lac, Wis. 
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Opaque 
Projector 
Improved screen inten- 
sity in this new projec- 
tor for opaque material 
is obtained by combin- 
ing a 1000-watt lamp 
with a wide-angle para- 
bolic reflector and 
large secondary mir- 
rors. Vacuum holds 
work of any size flat in 
plane of projection on 
crank-operated woven 
conveyor belt. Alumi- 
num for castings and 
sheet metal enclosure 
reduce weight 40 per 
cent. 




































































Charles Beseler Company, 
Newark, N. J. 












TODAY'S PRODUCT DESIGNS 


Hydraulic Transfer Press 


Designed for molding small 
rubber parts around metal in. 
serts, hydraulic press with rotat- 
ing three-station table provides 
nearly continuous operation, 
permitting curing and unload- 
ing while material is being 
molded. Produces 20 units per 
2-min cycle. Timed-cycle con. 
trols are initiated by manual 
pushbutton with provisions for 
inching. Automatic controls 
maintain molding dies at con- 
stant temperature. 


American Steel Foundries, 
Elmes Engineering Div., Cincinnati 





Hypoid-Geared Valve Grinder 


Refacer for automotive valves has work head 
driven by hypoid gear to permit traverse 
grinding; wheel head is driven by V-belt. Both 
motors are universal: 1/10 hp for work, 14 hp 
for wheel. Coolant pump built into wheel head 
motor; impeller integral with armature shaft. 


The Black & Decker Mfg. Co., Towson, Md. 


ELECTRICAL MANUFACTURING 



















































Centerless Finishing 


Two polishing operations are 
performed in one pass through 
this machine with two polishing 
heads. Provides a variety of 
finishes using abrasive, felt, 
leather or fabric belts; for 
grinding, polishing, sanding or 
superfinishing on _ cylindrical 
or tapered work. Abrasive belt 
is driven at 5000 fpm by 3-hp 
motor. Completely guarded for 
safety; hinged door for main 
guard aids in making belt 
changes. 


Production Machine Company, 
Greenfield, Mass. 





Carrier Amplifier for Strain Gages 
Incorporated in one cabinet is a 3-ke carrier 
oscillator, four carrier amplifiers, regulated pow- 
er supply, and controls for balancing and cali- 
bration. Uniform response to 500 cycles, with 
rise time of 500 microsec. Output meter switched 
to any channel for calibrating or measuring. 


Consolidated Engineering Corporation, Pasadena, Cal. 
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Radiation 
Detector 


Hands and feet of 
persons subject to 
radioactive contami- 
nation are checked 
automatically. With 
feet on platform and 
hands in pockets on 
machine, radiation 
measuring devices 
are energized and 
show intensity on 
counters behind glass 
door at eye level. 
Stepping off the plat- 
form resets counters. 


The Austin Company, 
New York 
























RATINGS and 


WARREN J. DORNHOEFER 


Section Head 


IMPLE saturable reactors are more properly 
called saturable-core reactors, although they are 
sometimes called d-c controllable reactors, trans- 
ductors and magnetic amplifiers. They are iron-cored 
inductors in which the a-c impedance is controlled by 
saturating the core with an auxiliary d-c winding. 
Their principal uses to date have been in controlling 
the power delivered from a constant a-c supply voltage 
to a resistance load such as electric lamps or furnaces; 
and in such applications they are favored here because 
of simplicity, long life, lack of moving parts and high 
efficiency. Smaller sizes are also used to a growing 





Ea: Emu SING 
AC SUPPLY VOLTAGE 


REAC. 2 


Xi-X2 =Net 
Yi-Ye=Nc 


Re'= Rc (s)" 










FOR LOW CONTROL CIRCUIT IMPEDANCE 
SWITCH S CLOSED, Rc'<<RL. 

FOR HIGH CONTROL CIRCUIT IMPEDANCE 
SWITCH S OPEN OR RcPRL. 







Applying magnetic amplitiers 















PERFORMANCE 





V. H. KRUMMENACHER 


Design Engineer 


and 


Vickers Electric Division, Vickers, Inc. 


extent as a means of providing adjustable or variable 
phase-shift in response to a d-c signal, as for instance 
in a-c phase-shift control of thyratron tubes. 

At the present time there are no ASA or AIEE rating 
or performance standards for saturable reactors. The 
number of manufacturers is small; “package” controls 
have been developed to operate ranges of reactor sizes 
in the two principal fields of application, i.e., lamp 
dimmers and furnace controls. In other cases, special 
saturable reactors have been designed for the job. For 
the most part, the manufacturers of the reactors have 
also made the controls and have incorporated the entire 
system in switchboards of their design. Thus, up until 
now, there has been little need for rating and _per- 
formance standards for saturable reactors. 

With the present trend of supplying magnetic ampli- 
fiers and saturable reactors as components to be in- 
corporated in control systems, the need for a set of 
uniform performance and rating standards has become 
evident. An AIEE committee has been working on this 
subject for about two years. It is expected that their 
recommendation for rating a saturable reactor will 
include all the items listed in the box as well as the 





















Assumed Application Data and Ratings for a 
Typical Parallel-Connected Saturable Reactor 



























impedance. Below: Parallel connection of two reactors. 
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EoEy SING Rated output winding voltage 132 ~—volts rms 
AG SUPPLY VOLTAGE Rated output winding current 2.0 amp rms (total) 
Rated output winding frequency 60 ~=cps 
Rated volt-amperes 264 
Rated d-c control winding current 1.25 amp 
Rated temperature rise 55 C 
Output windings (each) 3.0 ohms at 20 C 
740 turns 
Control winding 4.0 ohms at 20 C 
1000 turns 
Full-output control, ampere-turns 1250 
Full-output output-winding voltage 50 ~—s volts rms 
Permissible output-winding current 
Fig. 1—Simple saturable reactor circuits. Top: Two reac- at rated output-winding voltage 1.4 amp rms 
tors connected in series, with high and low control-circuit Typical load resistance a —_— 


ELECTRICAL MANUFACTURING 








Effect of load resistance and power factor, control ampere- 


turns and range, line voltage and frequency on performance; prac- 


tical procedure to follow in evaluating the best combination of 


rating, power gain and core material for minimum size and cost. 





data for simple saturable reactors 














Saturable Reactor Rating Factors Defined 


Rated output winding voltage of a 
saturable reactor is the rms voltage which 
the reactor is capable of absorbing con- 
tinuously without exceeding the rated 
temperature rise. This voltage appears 
on the reactor when the control ampere- 
turns and output current are minimum 
and is equal to the a-c supply voltage. 


Rated frequency is the frequency of 
the a-c voltage applied to the reactor 
and load. 


Rated output winding rms current is 
the maximum current the reactor is 
capable of carrying without exceeding 
the rated temperature rise while carry- 


ing the rated control winding current 
simultaneously. 


Rated control winding current is the 
maximum current that can be carried 
continuously without exceeding the rated 
temperature rise, while carrying rated 
output winding current. 


Rated volt-amperes or kilovolt-amperes 
of a saturable reactor is the product of 
the rated output winding voltage and the 
rated output winding current. 


Rated temperature rise of a saturable 
reactor is the temperature rise that will 
produce normal life expectancy in ac- 
cordance with established standards (cf. 
ASA Standard C-57, 11.020 and 11.021). 


Additional Application Data Required 


Number of turns and resistance (at a 
specified temperature) for each winding. 


Control current or ampere-turns and 
rms output winding voltage corresponding 
to the rated output winding current. 

Permissible output winding current at 
rated output winding voltage and the 
corresponding control current or ampere- 
turns. 

Family of curves of rms output wind- 
ing voltage versus rms output winding 
current for various control currents or 
ampere-turns. 

Typical operating conditions as a 
saturable reactor with load. 





additional data listed as required for the application. 

A saturable reactor is represented in Fig. 1 as a pair 
of two-winding transformers, labeled REAC. 1 and 
REAC, 2. This is not a practical form but will serve 
to illustrate some of the characteristics of a saturable 
reactor. In the upper part, the two reactors are con- 
nected with their output windings X1-X2 in series and 
their control windings Y1-Y2 in series opposing. In 
the lower part the output windings are in parallel. A 
load resistance Fy is connected in series with the output 
windings and means are provided for adjusting the 
direct current in the control windings. When the con- 
trol current J, is minimum or zero, the impedance of 
the output windings is high, the load current and 
voltage are small, and the full a-c supply voltage ap- 
pears across the reactor. When the control current is 
maximum, the reactor is saturated and carries full 
output current; load voltage is maximum and almost 
equal to the supply voltage. Voltage drop across the 
reactor is small. In between the limits of minimum and 
maximum control current the load current and voltage 
are continuously adjustable. 

Typical ratings and application data are shown under 
Fig. 1 for a parallel-connected saturable reactor of 
small size. Figs. 2 and 3 show the no-load character- 
istics for rms voltage and for rms and average currents 
respectively. (Average output ampere ratings are 
needed where the output is rectified.) From these 
curves the performance of the reactor at any appro- 
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priate voltage and with any load resistance can be 
estimated. Fig. 4 shows rms and average output cur- 
rents vs control ampere-turns for a typical operating 
condition, i.e., with an a-c voltage of 132 volts rms and 
a load resistance of 60 ohms. With this set of curves, 
together with the ratings and application data given 
beside Fig. 1, the saturable reactor can be designed into 
control circuits. 

On Figs. 2 and 3, “load lines” have been drawn in 
to obtain approximate values of output current under 
load for each value of d-c control ampere-turns. The 
load line is defined as the locus of output current vs 
reactor voltage for a constant supply voltage and load 
resistance, 

Since the reactor voltage is almost in quadrature with 
the load voltage, they can be added vectorially to give 
the supply voltage, by solving the right triangle : 


(E)? = (1X)? + (JR)? 
where E=rms supply voltage 
/X =rms reactor voltage 

[R;,= rms load voltage 





This relation is not strictly accurate because the 
voltages and currents in saturable-reactor circuits are 
not sinusoidal, but it holds within about 5 per cent for 
the core materials commonly used. These three voltages 
are thus related by a circular locus. A load-current 
vector diagram is similar except that one axis is modi- 
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1.0 1.5 2.0 2.5 


REACTOR CURRENT— AMPERES AVERAGE 


Figs. 2 and 3—No-load characteristics of parallel-con- 

nected saturable reactors of small size, using hot-rolled 

silicon steel cores. Fig. 2 shows reactor current in rms 
amperes; Fig. 3, in average amperes. 


fied by dividing the load voltage by the load resistance. 
Combining voltage and current factors results in a 
locus in the form of an ellipse: The vertical axis is the 
supply voltage, which must all be absorbed by the 
reactor at minimum load voltage; the horizontal axis 
is the output current obtained when the reactor is com- 
pletely saturated. 

For the horizontal axis the rms and average input 
currents are calculated as follows: 


rms 
ee 
Ry, + Rw 
2V2- Ems a 
Max. /,, = —————_——— | 
m (Rr + Rw) ae 


In the example, Fig. 1, with a load resistance of 60 
ohms, winding resistance of 3 ohms (halved in parallel) 
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© POINTS FROM LOAD LINES ON 
NO-LOAD CHARACTERISTICS. 


OUTPUT CURRENT— AMPERES 


1000 
CONTROL AMPERE—TURNS 


Fig. 4#—Output amperes vs control ampere-turns for paral- 
lel-connected saturable reactors whose characteristics are 
plotted in Figs. 2 and 3. (Hot-rolled silicon steel core.) 
Above 90 per cent output, load characteristics are nonlinear. 


and a rated output a-c voltage of 132 volts: 





132 
Bia Fs — = 2.15 amp 
3.0 
60 + — 
2 
0.9 « 132 
Max. Jayg = ——_ = 1.94 amp 
60 + 1.5 


Using these intercepts on the horizontal and vertical 
axes, the elliptical load lines are drawn, as in Figs. 2 
and 3. The intersection of this load line with the no-load 
curves for various values of control ampere-turns gives 
the approximate output current under load for each 
value of control ampere-turns. In Fig. 4 these points 
oi intersection are plotted as small circles for compar- 
ison with the measured control characteristic (solid 
curves). They give an excellent approximation of the 
actual curve, but do not check exactly because current 
waveform changes when load resistance is introduced. 
Waveform changes affect the average current more than 
the rms current, but the points from the average-load 
line are in error on the high side by only 5 per cent. 

The actual saturation output obtainable can be cal- 
culated from the application data directly. Saturated 
reactance drop is given as 50 volts, so that the output 
current at saturation is: 


(132)? — ‘nail 122 
Max. I... = ——_————_—_——_- = 
60 + 1.5 "615 





= 1.98 amp 
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4-LEGGED 
0.93 MAX. OUTPUT FACTOR 


3— LEGGED 
0.90 MAX. OUTPUT FACTOR 


LINE VOLTAGE E=1.0 
Es1.0 REACTOR VOLTAGE 1X20. 435 
1X*0.367 


LOAD VOLTAGE, V=0.93 v#0.90 


LOAD POWER FACTOR=1.0 LOAD PF £1.0 


1X20.367 1X20.435 





LOAD PF 20.90 LOAD PF +0.90 


POWER FACTOR CONSTANT= POWER FACTOR CONSTANT= 


0.93 g 8 
POWER FACTORxOUTPUT FACTOR rR nOUTPUT FACTOR 


Fig. 5—Voltage vector diagrams of 4-legged and 3-legged 
simple saturable reactors with hot-rolled silicon steel 
showing effect of load power factor on maximum output. 


Fig. 6 (Right)—Practical output factors and power factor 
constants of simple reactors with hot-rolled steel cores. 


Max. Ejoag = Ry = 1.98 * 60 =119 volts 

Max. output = 119 & 1.98 = 236 watts 

Min. FEjoaa = 0.090 & 60 = 5.4 volts rms 

Min. output = (0.090)? « 60 = 0.49 watts 

Control power P, = /,?R. = (1.25)? & 4.0 = 6.25 watts 





236 
Power gain K, = —— = 38 


6.25 





In this case, the maximum output voltage is approx- 
imately 90 per cent of the rated output-winding voltage, 
while the saturated reactance drop is about 38 per cent. 
Fig. 2 shows that the saturated-reactance drop could 
be reduced to 35 volts by doubling the control ampere- 
turns. This would result in exceeding the control- 
current rating, but would give an increase in output 
voltage : 


V (132)? — (35)? 
Max. Ejoaa = ———————_—— X 60 = 124 volts 


which is 94 per cent of the a-c supply voltage. In larger 
reactors, where the resistance of the output windings 
approaches 1 or 1% per cent of the load resistance, 
rather than the 214 per cent value taken as typical of 
the small reactor in this example, and where a more 
suitable core construction is used, the saturation output 
can reach 96 per cent of the supply voltage. Going to 
94 per cent output would increase the control power 
by 4 times. With larger reactors, 96 per cent output 
is obtained with about 214 times the control power 
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required for 90 per cent output. 

Fig. 4 shows that when the reactor is forced to more 
than 90 per cent output, the load characteristic becomes 
considerably more nonlinear. Usually this must be 
taken into account in the design of the d-c control 
rheostat or circuit. 

The minimum output voltage shown above is only 
4 per cent of the rated output-winding voltage. Thus 
the range of output voltage is: 


90% :4% = 22.5:1 


This range is somewhat higher than the normal de- 
sign, which is 10: 1, making the minimum power output 
1 per cent of the maximum. Some short-range reactors 
are designed for 10 per cent minimum power, which 
is just over a 3: 1 output-voltage range. This is usually 
done in the larger sizes, where the application permits, 
in order to reduce the size, weight and cost of the 
reactor. 


Ratings and Application Data 


Analysis of the ratings and application data for satu- 
rable reactors over a wide range of sizes permits some 
useful generalizations to be made regarding output, 
power-factor effects, control power, time constant and 
weight. These are shown in Figs. 5, 6, 7 and 8 for 
typical 60-cycle saturable reactors with commercial 
grades of hot-rolled silicon steel core material, Class A 
insulation and corresponding temperature rating, and 
with an assumed 10:1 output range. 

An approximation is required in the form of an 
estimate of the practical value of the saturated reactance 
drop with rated control current and output current. 
Common practice is to operate 3-legged reactors up to 
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Fig. 7 (Left)—Characteristics of typical 60-cycle saturable reactor designs using hot-rolled silicon sheet steel cores. 


The control-coil power and power-gain values apply to both the series and the parallel connection. 


constant curve applies to the series connection only. 


90 per cent output, with a saturated reactance drop of 
about 43 per cent: Reducing the saturated reactance 
drop below this value, permitting greater than 90 per 
cent output voltage, results in an inordinate increase 
in the control power. (Dissipated as heat by the 
control coil, calling for an increase in size.) In larger 
saturable reactors, the 4-legged construction is used and 
the commonly accepted output ceiling is 93 per cent, 
with a saturated reactance drop of approximately 
37 per cent. 

These saturated reactance drops, along with the 
maximum obtainable output, are shown in the upper 
part of Fig. 5 as voltage vector diagrams with a purely 
resistive (1.0 power factor) load. The ratio of the 
load voltage to the line voltage is called the output 
factor and is.equal to the cosine of the phase angle for 
a load of unity power factor. When it is less than 
unity, the vector diagram for the saturated condition 
must be re-drawn as shown in the lower figures, using 
a 0.90 pf load for illustration. For the same output cur- 
rent and control current, the saturated reactance drop 
TX is unchanged. The load voltage has a component in 
phase with the reactance drop, and another in phase 
with the current. The load voltage V is the vector sum 
of these two components and is less than it was for 
unity pf load. For any given power factor, the extent 
to which the maximum load voltage is reduced can 
also be found by reference to Fig. 6. This shows the 
output factor vs load pf for the three- and four-legged 
reactors with saturated reactance drops of 43 per cent 
and 37 per cent respectively : 


Maximum load voltage 
Per cent output factor = ——- 
Line voltage 





x 100 


At zero pf load, the load voltage and the saturated 
reactance drop would be in phase and their algebraic 
sum would be equal to the line voltage. For this condi- 
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The time- 


Fig. 8—Weight and cost of 60-cycle saturable reactor plotted 


tion the output factors would be: 


Four-legged: Output factor = 100 — 37 = 63 per cent 
Three-legged : Output factor = 100 — 43 = 57 per cent 


Values for output factor at zero pf are shown in Fig. 
6 at the left. 

Because of the reduced output factor with inductive 
loads, the reactor kva rating becomes increasingly larger 
than the load kva as the load pf is reduced. This can be 
seen from the relations: 


Load kva 





Reactor kva = - 
Output factor 
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Fig. 9—Typical 60-cycle a-c magnetization characteristics 
of saturable-reactor core materials. 
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against kva rating (Hot-rolled silicon steel core, 10:1 range in output current). Figs. 10 and 11—No-load character- 
istics of series-connected saturable reactors with cold-rolled silicon steel cores. Fig. 10 shows reactor current in rms am- 


peres; Fig. 11, in average amperes. (See also Figs. 2 and 3 for comparison.) 


Load kw 





Power factor & output factor 


The factor by which the reactor kva for a given kw 
load must be increased because of a load power factor 
less than unity is known as the power factor constant. 
It can be found from the expression above as follows: 


Reactor kva l 











Power factor & Output factor 


Load kw 


Using the four-legged reactor as an example, with 
output factor of 93 per cent at unity pf (Fig. 6) the 
ratio becomes 


Reactor kva 1 ] 


Loadkw 100,93 0.93 





For a load of 80-per cent pf, the ratio becomes 


] 1 


0.8 <x 0.75 0.60 
Dividing the two ratios 


93 
Power factor constant = —— 1.55 (see chart) 
60 


In general, for four-legged reactors: 


0.93 
Power factor constant = - -- —___—_———_ 
Power factor X Output factor 








In the case of the three-legged reactor, the relation from 
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which the curve in Fig. 6 is plotted is: 


0.90 





Power factor constant = 
Power factor & Output facto 








As an illustration of the foregoing consider the fol- 
lowing 60-cycle loads which are to be controlled over 
a 10:1 output current range by a four-legged saturable 
reactor : 


Load A: Furnace heaters, 440 volts single-phase, 10 
kw, 1.0 pf 


Line voltage —= ——- = 473 volts 
0.93 
10 
Reactor kva = —— = 10.75 kva 
0.93 


Load B: Welding transformer primary, 440 volts 
single-phase, 10 kw, 0.8 pf 


440 
Line voltage = —— = 587 volts 
0.75 
10 
Reactor kva = ——-——— = 16.67 kva 
0.8 < 0.75 


Power factor constant = 155% (from graph) 


16.67 
Power factor constant = —— = 1.55 (check) 


10.75 


The examples chosen illustrate one of the limitations 
(Continued on page 232) 
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Insulation resistance 0 


THER MOSEN TANG LAMINATES 





It is relatively high under dry atmospheric conditions, but it may be 
seriously impaired in highly humid atmospheres. An exhaustive test pro- 
gram underscores importance of long-time tests and of selecting a lami- 
nate suitable for the atmospheric conditions encountered in actual service. 


NORMAN A. SKOW 


Director of Research 
Synthane Corporation 


RIMARY FUNCTION of electrical insulation 
is to prevent current from flowing in other than 
prescribed paths in the apparatus, but in order to 
accomplish this primary function an insulating material 
must also possess other properties predominantly phys- 
ical or mechanical in nature. Consequently the product 
design engineer must have a knowledge of these me- 
chanical as well as of the electrical properties. 
Experience has shown that any one of several grades 
of high-pressure laminates is entirely satisfactory for 
most electrical applications. This is due to an unusual 
combination of properties which includes electrical in- 
sulation, mechanical strength, moisture resistance, ther- 
mal endurance, resistance to aging, light weight and 
ease of fabrication. The general properties of seven 
standard grades of laminates are shown in Table I. 
Three factors enter into consideration of a material 
as a dielectric: resistivity, dielectric strength and dielec- 
tric loss. The effects of temperature and moisture on 


these properties are shown in Tables II and III, respec- 
tively. Effect of moisture on insulation resistance is 
more serious than on dielectric strength and dielectric 
loss. These findings prompted this investigation of the 
effect of time, temperature and humidity on the insula- 
tion resistance of several standard grades of laminates. 

Insulation resistance (ASTM D-257-49T) between 
two electrodes in contact with, or embedded in, a speci- 
men is the ratio of the d-c voltage across the electrodes 
to the total current between them. It is dependent on 
both the volume and surface resistivities of the material 
as well as upon the configuration of the electrodes. 
Volume resistance between two electrodes is the ratio 
of the d-c voltage applied to the electrodes to that por- 
tion of the current between them that is distributed 
through the volume of the specimen. Surface resistance 
between two electrodes which are on the surface of the 
specimen is the ratio of the d-c voltage applied to the 
electrodes to that portion of the current between them 





Fig. 1 (Left)—Typical commercial insulating parts 
punched from thermosetting laminates, Fig. 2 (Above) 
—Test specimens. Type A has been specially devised for 
these tests; note how it resembles commercial parts in 
the position of holes. Type B is the standard ASTM and 
Navy specimen. 
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Table I—General Properties of Seven Standard Grades of Laminates* 


| 
| 
| 
X 
| 





Property XX XXXP LE AA G-5 N-] 

Tensile strength, psi, avg. 14,000 9000 7000 8500 10,000 30,000 7000 
Flexural strength, psi, avg. 23,000 16,000 15,000 19,000 20,000 50,000 14,000 
Compressive strength, psi, avg. 35,000 34,000 25,000 37,000 38,000 60,000 35,000 
Impact strength, ft-lb/in. notch 

Flatwise 1.3 1.0 1.0 1.8 oo 29.0 11.5 

Edgewise 0.5 0.4 0.3 1.0 3.0 12.5 7.0 
Water absorption, %, 24 hr. 

1x3x% in. 0.95 0.50 0.35 0.60 0.52 1.00 0.25 

1x3x% in. 2.30 0.95 0.50 0.90 0.85 1.45 0.30 

1x3xl% in. 4.00 1.30 0.60 1.20 1.50 1.75 0.40 
Power factor, 1 me. 0.06 0.04 0.027 0.045 0.30 0.015 0.014 
Dielectric constant, 1 me. 6.0 5.0 4.5 5.0 9.0 7.0 3.9 
Loss factor, 1 me. 0.36 0.20 0.12 0.22 27 0.105 0.0546 
Dielectric strength, vpm 

Short time, 4% in. | 700 700 650 500 60 300 400 

Step by step, M% in. | 500 500 450 300 40 260 360 
Resistance to aging | Years Years Years Years Years Years Years 
Maximum temperature for continuous service, | 

deg F. 250 275 265 275 375 375 250 


* NEMA grades: X, XX, XX XP are paper-base laminates; LE is fabric base; AA is asbestos base, G-5 a continuous-filament glass-cloth base, and 
N-1L is a nylon-cloth base. All these laminates have phenolic binders, except G-5 which has a melamine binder. 





Table II—Effect of Temperature on the Electrical Properties of Grade XXXP 


(4%-in. samples conditioned 1 hr at 


Property 


Dielectric strength, vpm, short time 
Dielectric loss 
Insulation resistance, megohms 








220 F) 
acre 
73 F 100 F 120 F 
850 | 825 715 
0.12 0.14 0.15 
2,600,000 2,200,000 1,900,000 





Table I1I—Effect of Moisture on the Electrical Properties of Grade XXXP 


(1%-in. samples tested at 73 F) 


Property 
Dielectric strength, vpm, short time 
Dielectric loss 
Insulation resistance, megohms 





Dry After 24 hr in H2O at 73 F 
780 690 
0.12 0.14 
2,600,000 800,000 





which is in a thin layer of moisture or other semi- 
conducting material that may be deposited on the sur- 
face. It is possible to measure volume resistance and 
surface resistance separately but in practice it is cus- 
tomary to measure total insulation resistance. 

Under dry atmospheric conditions, the insulation re- 
sistance of almost all grades of plastics laminates is 
high. Under relatively short exposures to high humid- 
ity the surface absorbs moisture and after long ex- 
posures the body of the laminate takes up small amounts 
of moisture. The absorbed moisture creates a semi- 
conducting path through which minute currents will 
flow. The greater the conductivity or, conversely, the 
lower the resistance of this path, the greater the leakage 
of current. It is important to avoid such leakages in 
most d-c applications; this is accomplished by improv- 
ing the moisture resistance of the laminate. 

In this investigation, insulation resistance was meas- 
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ured by means of a General Radio Company d-c 
Wheatstone bridge Type 544-BS4. The electrodes used 
were No. 3 Pratt and Whitney tapered pins and the 
applied potential was 500 volts with an electrification 
time of 1 min. All measurements were conducted 
while the specimens were under the specified conditions. 
This procedure is described in detail in ASTM D-257- 
49T, ‘‘Test for Electrical Resistance of Insulation.” 

Test specimens were conditioned by ASTM proce- 
dure D-618 for “Conditioning Plastics.” Humidity con- 
ditions were obtained by aqueous salt solutions as sug- 
gested in Method C, “Recommended Practice for Main- 
taining Constant Relative Humidity.” There was no 
forced circulation in the humidity chamber but the 
sealed chamber was small and the volume of air was 
small in relation to the surface area of the solution, as 
the photograph indicates. 

Fig. 1 illustrates typical commercial insulating parts ; 
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Resistance in megohms , Grade XXXP 
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Fig. 3—Insulation-resistance vs time for XP and XXXP 

grades, at 90 per cent RH and 95 F. This curve shows 

necessity for carrying on insulation resistance tests for a 

sufficiently long period to reach equilibrium. Note that 
for grade XXXP this requires 35 days. 


the holes are close to the edge of the piece. Fig. 2 
shows the two types of specimens employed. Type A 
more nearly represents the commercial insulating par‘s 
shown in Fig. 1. Type B is a standard ASTM and 
Navy specimen. Both types were prepared from Grade 
XXX P and were exposed to 90 per cent relative humid- 
ity at 75 F for 10 days. Although holes in commercial 
parts are usually punched, the specimens for this in- 
vestigation were drilled with a tapered drill, since drilled 
holes fit the electrodes more snugly and therefore give 
more reproducible results. Insulation resistance tests 
were made periodically and the results are shown in 
Table IV. It will be noted that the insulation resistance 
decreased more rapidly during the first few days for 


Table I[V—Insulation Resistance of Grade 


XXXP, 90% RH, at 95 F 


(Readings in megohms from 12 observations) 


Time, in days | Type A specimen* Type B specimen 
850,000-990,000 
610,000-760,000 
505,000-645,000 
410,000-500,000 
300,000-410,000 
210,000-260,000 


150,000-180,000 


1,200,000-1,500,000 
920,000-1,400,000 
685,000-790,000 
580,000. 640,000 
360,000-420,000 
218,000-243,000 
160,000-185,000 


Nae Wh — 


_ 
So 





* See Fig. 3 for illustration. 


specimen Type A than it did for Type B. 

This was due to the fact that the electrodes were 
nearer the edge of the specimen. After several days, 
however, the two types of specimens gave approxi- 
mately the same reading. The length of time required 
for the readings to equalize probably varies with the 
grade of laminate being tested. There is little choice 
between these two types of specimens but Type 4 was 
selected for subsequent experiments for two reasons: 
(1) as already noted, its design more nearly approaches 
that of commercial insulating parts, and (2) it tends 
to reach equilibrium more rapidly than Type B. 

In an effort to determine the short-time insulation 
resistance of a laminate, specimens of Grade XP and 
XXXP were boiled in distilled water for 2 hr, dried 
quickly with clean paper towels, pins inserted and tests 
made immediately. For grade XP, the insulation re- 

(See facing page, then turn to page 244) 


Table V—Standard Laminates: Insulation Resistance vs Temperature 


(Preconditioned over CaCl, for 30 days at 73 F) 





Resistance in 108 megohms at temperatures stated 








Grade 80 F 100 F 


120 F 


140 F 160 F 


x | 3000 2400 1800 1200 | 800 
xx | 3400 2400 1600 1000 | 700 
XXXP | 4000 | 3600 2600 1900 1400 
LE 4000 | 3600 | 1800 1200 700 
AA 1300 1000 700 460 300 
G-5 2600 1600 1100 800 | 600 


N-l 2600 | 2600 | 2600 2200 1200 


| 
| 
| 


Table VI—Standard Laminates: Insulation Resistance vs Temperature 
(Preconditioned over H2O for 30 days at 73 F) 


Resistance in megohms at temperatures stated 





Grade | 
100F 





120F 








xX | 10 
8000 

LE 20 
10,000 


1000 
10 


| 
| 10 
| 
| 2000 
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Table Vil—Insulation Resistance of Standard Laminates 
(Conditioned over CaCl2) 

































































| Resistance in 103 megohms at 73 F 
| Time (days) X XX XXXP LE AA G-5 N-l 
' : 1200 1300 2200 800 145 2000 2600 
' 5 1200 1500 2200 900 175 2000 2800 
. x 1300 1500 2400 1100 350 2200 2900 
9 1500 1700 2600 1600 390 2200 3100 
13 1600 2200 2800 1800 500 2000 3400 
19 2000 2700 3000 1900 520 2400 3700 
' 26 2500 2800 3000 2000 600 2400 4000 
35 2600 3000 3600 3000 660 2400 4000 
| Table VilI—Insulation Resistance of Laminates 
(Conditioned at 45 per cent RH) 
4 Resistance in 103 megohms at 73 F 
= 4 rap 
Time (days) | xX XX XXXP LE AA | G-5 | Nl 
2 | 50 60 2000 { | 26 | 8 3000 
5 | 23 30 1200 | 2 | 14 | 6 2500 
7 18 22 1000 1.10 12 4 2400 
9 | 14 | 18 | 800 0.90 | 12 | 4 2400 
13 11 15 800 0.850 10 | 4 2200 
19 9 12 600 0.700 8 4 2000 
26 9 ll 600 0.700 8 4 2000 
35 9 | 11 600 0.700 8 1 2000 
Table [X—Insulation Resistance of Laminates 
(Conditioned at 75 per cent RH) 
; Resistance in 103 megohms at 73 F 
as Si saccaiahdnmhdhinitiscdeaintete aia . Pak ” aoe tel 
Time (days) X XX XXXP | LE AA G-5 N-1l 
2 42 45 3000 | 7.5 8 2 3000 
‘ 5 19 19 1200 2.2 S 1 2000 
7 14 14 | 1000 1.7 4 0.80 2000 
| | 
9 11 12 700 1.2 4 0.70 2000 
13 | 7 | 8 600 «6 | C80" 4 0.50 | 2000 
19 | 4 | 5 500 0.50 4 0.40 2000 
26 3 4 500 | 0.45 4 0.20 2000 
35 | 3 4 500 | 0.45 4 0.20 2000 
| | | 
Table X—Insulation Resistance of Laminates 
(Conditioned at 90 per cent RH) 
| Resistance in megohms at 95 F 
oe ceadhica —— neat ee NCA 
Time (days) X XX XXXP LE AA G-5 N-] 
2 | 27 200 600,000 26 800 4 2,000,000 
5 5 50 300,000 9 110 4 1,100,000 
x 3 33 200,000 6 90 4 850,000 
9 | 2 25 | 160,000 5 70 4 700,000 
13 2 20 110,000 4 60 4 100,000 
19 2 15 | 65,000 2 45 4 200,000 
26 2 15 40,000 2 45 4 140,000 
35 2 15 35,000 2 45 4 140,000 
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stal rectifier performance 


A comparison of the volt-ampere characteristics of the modern welded germa- 


nium diode with those of other low-voltage rectifiers should suggest appli- 
cations of these miniature components outside the communication electronic 
field in which they are now replacing thermionic (electron tube) rectifiers. 


| | NTIL a few years ago, only two types of recti- 

fiers were available, the thermionic (electron 

tube) type and the dry-disk rectifier. During the 
war a third type was developed, the crystal rectifier, 
which found extensive use in high-frequency communi- 
cation systems. This addition to the rectifier family will 
do some things which cannot be done with the two 
other types. 

A clear concept of an “ideal” rectifier is a most 
helpful starting point. By determining how various 
types fall short of this ideal, the type most suitable for 
a given application can be selected. 

A rectifier has been quite correctly likened to a 
check valve. An ideal check valve should offer no re- 
sistance whatsoever to the flow of liquid in one direc- 
tion, while preventing any flow at all in the other 
direction, even if the back pressure should build up 
to a high value. An ideal rectifier should offer no re- 
sistance to the flow of current in one direction (usually 
called the “forward”’), or stated differently, there should 
be zero or only an extremely small voltage across it 
when current flows through in the forward direction. 
Conversely, there should be no current in the reverse, 
also called the “inverse” direction, when a voltage within 
the rating of the rectifier is applied in this direction. 

The volt-ampere characteristic of a perfect rectifier 
is shown in Fig. 1. It consists of two branches, one 
of which is the negative part of the voltage axis, the 
other the positive part of the current axis. The physical 
interpretation of this characteristic is simply this: for 
negative (inverse) voltages, the current will be zero; 
for any positive current the voltage across the rectifier 
will be zero. 

For comparison the same figure also includes the 
volt-ampere characteristic of a resistor; it is a straight 
line passing through the origin. For a given positive 
voltage, such as ¢1, a positive current 1, is obtained; 
if a negative voltage of the same magnitude is applied, 
a current of the same magnitude is obtained but in the 
opposite (negative) direction. It should be clear that 
any device, linear or not, whose volt-ampere character- 
istic in the first and third quadrant is symmetrical 
around the point of origin, will not exhibit any recti- 
fying properties. 

No known rectifier has a characteristic as shown in 
Fig. 1. All depart in one way or another from the 
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ideal, and the proper selection often comes down to 
picking the type whose particular deviation is of least 
importance in the application being considered. Figs. 
2, 3 and 4 show the essential volt-ampere character- 
istics of the thermionic rectifier of the vacuum tube 
type, the thermionic rectifier of the gaseous type, and 
the dry-disk type rectifier, respectively. The crystal 
rectifier, as will be seen later, comes closest to the 
disk type. 

While Figs. 2 to 4 show quite clearly how the various 
types deviate from the ideal, they do not tell the whole 
story. It will be noted that the axes have not been 
scaled, a matter of greatest importance. A rectifier is 
much like a switch; it is supposed to be a closed switch 
for currents in the forward direction, and an open switch 
for voltages in the inverse direction. Like switches, 
they differ greatly in their construction, depending on 
the maximum current they have to carry in the closed 
position and the maximum voltage they have to with- 
stand in the open position. 

The vacuum-type thermionic diode (kenotron) covers 
a current range from a few to several hundred milli- 
amperes, and a range of reverse voltages from a few 
hundred to many thousands of volts. In the average 
radio set we usually find one for rectifying the a-c line 
supply, involving 100 to 300 ma and inverse voltages 
up to 1000 volts, and a much smaller one for rectifying 
the r-f signal. The latter involves currents less than 
a milliampere and inverse voltages of perhaps one to 
several hundred volts. 

Apart from the obvious disadvantages of relative 
bulk, the need for a socket, and the necessary filament 


ri6.1 Vo/t-armpere 
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or heater supply, the thermionic diode has a _ short- 
coming most serious when low voltages are to be recti- 
fied (as often required in control applications). This 
limitation is that with zero input voltage (that is, with 
the diode shorted) it will deliver a d-c output current 
(i9 in Fig. 2). This current is caused by the initial 
speed of the electrons ejected from the cathode, and 
its magnitude depends greatly on the temperature and 
condition of the cathode. The popular multi-purpose 
electronic volt-ohmmeters using this type of rectifier 
lor measuring a-c voltages were greatly plagued by 
an unwanted current; elaborate schemes were required 
to cancel or “buck out” the initial current. On the other 
hand, if the voltage to be rectified is about 20 volts or 
more no serious error results from this current. 

The gaseous rectifier tube (hot cathode), with gen- 
eral characteristics as shown in Fig. 3, is suitable when 
larger currents are wanted at voltages of hundreds or 
thousands of volts. Current ratings range from a frac- 
tion of an ampere to about 25 amp, and the inverse 
voltage, while not reaching quite as high as that of the 
vacuum type, goes to a maximum of about 20,000 volts. 
Fig. 3 shows that this type would be unsuited for rec- 
tification of voltages below 10 volts or so. The abrupt 
break indicates the onset of ionization of the gas, and 
below that value the tube will act essentially like a 
vacuum-type rectifier tube. These tubes are conse- 


Fig. 1—Theoretically perfect rectifier compared with a 

resistor. Fig. 2—Thermionic rectifier of vacuum tube 

type. Fig. 3—Thermionic rectifier of gaseous type (thyra- 
tron). Fig. 4—Dry-disk rectifier. 


-/ volt 
approx 
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A. Mineral-filled molded plastic case 


ACTUAL SIZE OF A TYPICAL DIODE 
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E. Platinum—Ruthenium Whisker 


B. Solder F. Thermosetting Cement 
C. Germanium Pellet G. Nickel Pin 
D. Welds H. Weld 


1. Leaded Copper Clad Wire 


In modern germanium diodes the “cat whisker’ is 
welded to the germanium pellet. This General Elec- 
tric type also features small size and a molded case. 


quently never used for the rectification of low-voltage, 
low-power a-c supplies such as may be found in con- 
trol or communication circuits. However, if the tubes 
are used in circuits of several hundred volts, the fact 
that they do not let any current flow until the voltage 
has reached 10 or 15 volts is not important. 

One might point out that by a slight-of-hand trick 
the characteristic shown in Fig. 3 can be converted 
into a seemingly perfect one. Draw the voltage axis 
so that 1 in. equals about 500 volts and the 10- or 15- 
volt mark will be so close to the Y-axis that the char- 
acteristic will look like that of a perfect rectifier. While 
this is not good practice, it shows that a gaseous tube, 
when used in a high-voltage circuit, closely approaches 
a perfect rectifier. 

Dry-type rectifiers (copper-oxide or selenium) have 
one shortcoming not possessed by the other two, namely, 
a reverse current when the voltage is reversed. On the 
other hand, there is no output current when the rec- 
tifier has zero input applied, nor is there any waiting 
until the voltage reaches a minimum value before cur- 
rent begins to flow. The current rating of this type 
rectifier depends on the size of the disk, or rectifying 
surface. It ranges from about 44 amp to several amperes. 
(By reducing the surface to a small size, such as % in. 
square, rectifiers of this type are also used in instru- 
ments for output currents of a few milliamperes, or 
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Fig. 5—Typical volt-ampere curve for a silicon rectifier. Fig. 6—For a high-inverse-voltage germanium rectifier. Fig. 
7—Comparison of the characteristics of several low-voltage rectifiers. (Charts from “Crystal Rectifiers,” Torrey and 


even a fraction of a milliampere). The reverse voltage 
which one disk or surface can withstand is about 25 
to 30 volts, although new techniques developed in the 
last few years are raising this limit considerably. When 
higher inverse voltages are to be withstood, several 
disks are connected in series. 

Crystal rectifiers are not actually new. In the early 
days of radio, galena (lead sulphide) crystals with a 
fine wire or “cat whisker” contact were quite popular 
as “detectors,” which is the communication engineer’s 
name for a rectifier. For good rectification, it was 
necessary to probe for sensitive spots on the crystal and 
frequent adjustment of the contact point was required 
for good performance. Thermionic rectifiers made 
these crude crystal rectifiers obsolete for use in radio 
receivers; but the crystal rectifier offered many ad- 
vantages for uhf circuits and has emerged as a rugged 
and reliable device applicable to other fields. 

Two developments were chiefly responsible for this 
change: (1) The replacement of the old galena crystal 
by silicon of very high purity, to which is added about 
0.001 per cent boron; (2) the discovery, during the 
course of research on germanium, that certain impurity 
agents in germanium produced a rectifier capable of 
withstanding much higher inverse voltages, while at 
the same time showing a low resistance in the forward 
direction. A further step towards making these recti- 
fiers more rugged and stable was the discovery that 
the cat whisker could be welded to the germanium by a 
high current of short duration. Commercially available 
crystal diodes are now almost exclusively of the ger- 
manium type. 

Fig. 5 shows the characteristic of a silicon rectifier. 
Note that the curve passes through the origin smoothly, 
without a sharp break. Fig. 6 shows the characteristic 
of a high-inverse-voltage germanium rectifier; it would 
appear that there exists a very sharp break at zero 
voltage, but this is another example of how a change of 
scale may lead to an erroneous conclusion. If the region 
around the zero point were enlarged, it would look like 
curve C in Fig. 7, where a comparison between various 
types of crystal rectifiers and a vacuum-tube type is 
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shown. While none is a “perfect” rectifier, it is obvious 
that the three crystal rectifiers are all far superior to 
the tube type for low voltages. 

It is interesting to note that curve B does not show 
noticeable conduction until the forward voltage reaches 
0.25 volt, but that it shows the most rapid rise of cur- 
rent for voltages beyond this point. Such a rectifier, 
therefore, would not be suitable for input voltages with 
a peak of less than 0.25 volt unless a d-c bias of 0.25 
volt were provided (by placing the a-c voltage in series 
with a d-c voltage of this value). Excellent rectification 
could then be obtained for voltages with a peak of 0.1 
volt or less. In general, the sharper the break (that is, 
the more rapidly the characteristic changes its slope) 
the better the device will be as a detector or rectifier of 
small a-c voltages. In this case, however, it may be 
necessary to bring the a-c voltage swing into this region 
of rapidly changing slope by d-c biasing. Curve D shows 
why a thermionic vacuum-tube diode would be extremely 
poor for the rectification of small signals, since the 
curve does not show a sharp break at any region. 

Fig. 8 shows the characteristics of a few of the 
diodes offered commercially by General Electric Com- 
pany. The table summarizes pertinent data for the 
diodes offered by Sylvania Electric Products Inc. The 
physical size of all units is small compared to a tube, 
as can be judged from the headpiece of this article. 


Shunt Capacity is Low 


Characteristics tabulated fail to show one advantage 
of the crystal rectifier particularly important for high- 
frequency work. In a thermionic diode, the anode and 
cathode surface areas are large compared to the cross- 
section of a cat whisker. In a copper-oxide or selenium 
rectifier, the separating layer conducting in one direc- 
tion but not in the other, is of even greater area and 
shorter length than in the tube type. In both cases 
there is a shunt capacity in parallel with the rectifying 
element. The germanium diodes have a shunt capacity 
of much lower value than the other types of rectifiers. 

It is clear from Fig. 9 that shunting a rectifier with 
a capacitor will reduce the load current when the fre- 
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Whitmer, 1948, by permission of McGraw-Hill Book Co.) Fig. 8—Characteristic curves at 25 C of four commercial 


types of welded germanium diodes supplied by Electronics Department, General Electric Co. 


quency is such that the capacitive reactance is about 
equal to or lower than the load resistance. For a copper- 
oxide or selenium rectifier this shunt capacity is so 
large that instruments employing this type of rectifier 
for measuring a-c voltages begin to drop off seriously 
at the upper audio frequencies, 10 to 15 kc. They are, 
therefore, entirely unsuitable for radio frequencies. For 
a thermionic diode most often used (type 6H6) the 
capacitance is from 3 to 4 mmf, compared to 0.2 to 
2.0 mmf for the crystal rectifiers. (At 300 mc a capacity 
of 1 mmf has a reactance of about 500 ohms.) 

Actually, the advantage of the crystal is even greater 
than the comparison of the capacity values would indi- 
cate. With much higher conductance of the crystal in 
the forward direction compared to the thermionic diode 
(see Fig. 7) the crystal can be made to work into a much 
lower load resistance. Since the impairment of rectifi- 
cation efficiency depends on the ratio of the shunt 
capacitive reactance to the load resistance, lower load 
values mean a further improvement. 


Advantages of Crystal Rectifiers 


After this discussion of the characteristics and prop- 
erties of crystal rectifiers, it is possible to set down 
the following conclusions: 

1. Crystal rectifiers are essentially low-power rec- 
tifiers. At present they have no overlapping field with 
gaseous-tube rectifiers, high-voltage vacuum-tube rec- 
tifiers, or low-voltage copper-oxide or selenium recti- 
fiers such as used for battery charging. 

They can replace electron-tube rectifiers or small 
stacks of disk type rectifiers in small power supplies. 
Such a supply, for example, may be required for furnish- 
ing bias voltages in amplifiers. Where saving in weight 
and space is more important than cost, a number of 
them can be combined to give higher output voltages 
Here the absence of a heated cathode makes their use 
in voltage doubler, tripler and quadrupler circuits quite 
attractive. Such circuits may obtain 500 volts or more 
from a 110-volt source without a transformer. (Eight 
standard germanium diodes are required for such an 
application as that specifically named.) 


MARCH 1951 


(March 1, 1950.) 


3. Crystal rectifiers are far superior to thermionic 
rectifiers in applications where relatively small a-c signal 
voltages (fraction of a volt to several volts) must be 
rectified. The output voltage of an unbalanced, a-c 
operated Wheatstone bridge is such an example. This 
bridge principle is employed in many industrial control 
and measuring circuits such as for temperature, voltage, 
displacement, and strain gages. With higher operating 
frequency for the bridge, the advantage of the crystal 
is more pronounced, not only because of lower inter- 
electrode capacity but also because neither terminal 
has a large capacity to ground. In a vacuum tube the 
cathode usually has a relatively large capacitance to 
the heater which generally is at ground potential. 

Fig. 10 is of interest when considering a-c bridge 
circuits or any application where it is desirable or 
necessary to indicate the component of an a-c voltage 
which is in phase with a given reference voltage. When 
the balance point of a d-c bridge is passed, the deflec- 
tion of the indicating instrument reverses; thus the 
sense of its deflection tells the direction in which the 
variable resistor or resistors has to be changed to restore 
balance. With an a-c bridge, however, the reading of 
a simple a-c detector drops to a minimum and then 
increases again as the balance point is passed through. 
Such a detector does not lend itself to automatic control 
because the reading does not indicate the direction in 
which a correction must be made. The circuit shown in 
Fig. 10. will make the d-c indicating instrument pass 
from a positive to a negative reading when the un- 
balanced voltage changes its phase with respect to the 
voltage applied to the bridge. Many engineers are not 
familiar with this very useful circuit, although it has 
been known for a long time. 

4. The absence of output current with zero input 
makes germanium diodes extremely well suited for 
limiter and clamping circuits. Their value in this ap- 
plication is again increased by their low drop in the 
forward direction, absence of heater and so on. 

5. They are without equal when uhf signals must 
be rectified. Regular germanium diodes are recom- 
mended up to 100 me, but this limit has recently been 
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Ratings and Characteristics of Sylvania Germanium Diodes 


CONTINUOUS REVERSE Boos FORWARD AVERAGE | RECURRENT | wstaNTANEOUS REVERSE 


CONSTRUCTION WORKING VOLTAGE a CURRENT Se ae SURGE CURRENT CURRENT 
Prema teuraee 4 ad 
| (volts Mex.) {volts Min} | ot +1 welt (me. Min.) santa) 1 One teed (mo. Max., | sec.) («4 Mex.) 


1N34 General Purpose Diode 


50@—10v, 800 @—S0v 


+ 
General Purpose Diode Glass 60 
T 
Ceramic Duo-Diode 50 
| 


Ceramic 100 


INI4A 


1N35° | Matched Duo-Diode 


IN38 | 100-Volt Diode 


IN38A | 100-Volt Diode Glass 100 


1N39 200-Volt Diode Ceramic 200 
+ 


1N40°* | Varistor 


1N41°°* Varistor 


, 


Plug-in 25 


lLug-Type 25 








1N42°° 100-Volt Varistor Plug-in 50 


INS4 | High Back Resistance Diode Ceramic 35 


1NS54A | High Back Resistance Diode Glass 50 


1NSS 150-Volt Diode Ceramic 


INSSA 150-Volt Diode Glass 


1NS6 High Conduction Diode Ceramic 


INS6A High Conduction Diode Glass 


INS8 100-Volt Diode Ceramic 
INS8A 100-Volt Diode Glass 
1N60 Video-Detector Diode Ceramic 


1N71"" 





Low Impedance Varistor Plug-in 


Type 1N41 Types 1N40 and 1N42 Type 1N71 


Electrical wiring of lug and plug-in types 


pushed up to 1000 mc with special germanium diodes ; 
silicon diodes are suitable for even higher frequencies. 

6. While they are greatly superior to the thermionic 
diode for the rectification of voltages at about 1 volt, 
even crystal rectifiers become increasingly inefficient as 
the voltage to be rectified decreases to the millivolt 
range. We still do not have, and owing to the funda- 
mental nature of the rectification process, probably 
never will have a rectifier with an absolutely sharp and 
steep break at the exact zero-voltage point. However, 
with the rapid development taking place in this field, 
it can be expected that this ideal point will be approached 


Fig. 9 — Equivalent 
circuit to demonstrate 
capacitor effect of rec- 
tifier on rectified cur- 
rent through load. 


Ceramic 60 75 5.0 50 150 500 


T t 
| 


5.0 |; 50 150 | 500 
7 
} ! 


| 7.5 | . 60 100 
| 


30 @—10v, 500 @ —50v 
10@-10v 


3.0 500 6@-—3v, 625 @—100v 


+ 


4.0 500 5 @—3v, 500@—100v 


+ 

1.5 500 200 @ —100v, 800 @ —200v 
t 

| 


12.75(@ 1.5 volts) | 5 | 100 40@-10v 
+ 





12.75(@ 1.5 volts) | 5s | 100 40@-10v 
T 
12.75(@ 1.5 volts) | im 4 | 100 6@—3v, 625 @—100v 


+ 


5.0 | $0 500 10@-10v 


5.0 so | | 500 7 @—10v, 100@—50v 
3.0 50 | 00 -~—«| 300@-100v, 800@ 1 50v 
so | 500 500 @-150v 
60 | 200 300 @ —30v 
60 200 300 @ —30v 
4.0 50 150 800 @ —100v 


600 @ —100v 





4.0 50 150 500 


30@-—1.5v 











1 50 | 150 500 


15.0 60 200 | 1000 300 @ —30v 


* Units are matched in the forward direction at +1 volt so that 
the current flowing through the lower resistance unit is within 10 
per cent of that in the higher resistance unit. Ratings shown are 
for each diode. 

** Consists of four specially selected and matched germanium 
diodes whose resistances are balanced within *+2.5 per cent in the 
forward direction at 1.5 volts. For additional balance, the forward 
resistances of each pair of varistor crystals are matched within 
3 ohms. Ratings shown are for each diode. 

*** Consists of four specially selected diodes whose forward 
currents are within a range of 1 ma with +1 volt applied. Ratings 
shown are for each diode. 

7 Units are tested in a circuit employing an input of 1.8 volts 
rms at 40 mc, 70 per cent modulated at 400 cycles. Demodulated 
output across a 4700-ohm resistor shunted by a 5-mmf capacitor 
is a minimum of 1.2 volts peak to peak. 


to a higher degree with every passing year. At present 
specially selected germanium diodes have been used for 
measuring voltages as low as 2.5 millivolts. For rec- 
tifying alternating voltages of lower magnitude, or even 
in the microvolt range, mechanical choppers can be used 
if the frequency is not too high. These devices cannot 
properly be called rectifiers, however, because they do 
not have an intrinsically rectifying action, being de- 
pendent on proper contact synchronization and phase 
adjustment. 

7. Like all known rectifiers, the characteristics of 
crystal types vary with temperature and age, as well 
as from unit to unit. These variations are a serious draw- 
back in such applications as magnetic amplifiers, but 
they are no worse than other types of rectifiers. 

8. At present the cost of a general-purpose diode 
(such as the General Electric 1N48 or Sylvania 1N34) 
is comparable to that of a 6H6 vacuum tube diode 
(which contains two rectifying elements). When elim- 
ination of the socket and the labor of wiring the fila- 
ments, and the saving of space and better performance 
are considered, the trend toward replacing the tubes by 

(Continued on page 248) 
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miniature train control 





In industrial control problems where only the pow- 


er line is available for control functions, these 


ideas permit independent speed control for two mo- 


tors, signalling, and up to four selective functions. 


WILLIAM K. WALTHERS 
President 


Wm. K. Walthers, Inc. 


trol, miniature train equipment started with no 
more than a stop-and-go control. Since then, con- 

trols have been added for reversing, uncoupling, whistle- 
blowing, bell-ringing, and speed-adjusting functions; 
and for track-side accessories such as switches, signals, 
loading and unloading. When used independently, 
such control circuits are simple; adding selectivity in- 
troduces problems common with a variety of indus- 
trial control applications. Such a problem was posed 
by selective control of four different functions in ad- 
dition to speed in a locomotive using the two rails of 
the track as the combined power and control circuit. 
In solving this problem, the following elements were 


UST as with early developments in industrial con- 


Fig. 1—Fast-acting relay A with a shading coil operates on 
both full-wave or half-wave rectified d-c, but will not oper- 
ate on a-c. The slow-acting relay B will operate only on 
full-wave power. With the coils of both relays connected 
in parallel and a set of contacts on the slow-acting relay to 
open other relay coil, only the fast-acting relay will close 
on half-wave and only slow-acting relay on full-wave. 


Fig. 2—Relay does not respond to a-c but closes when 

power is changed to half-wave rectified d-c. Series resistor 

R is selected so performance of universal motor driving 
train is the same on d-c as on a-c. 


| shssneliiiinodll 


Operating Short circuit 
coil coil 


FIG.1(A) Half-wave relay FIG.1 (B) Full-wave rela 
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available out of which the control system was developed : 


Two-wire circuit 

. Motor-driven device 

A-c power source, 24 volts 

Switches and rheostats 

Rectifiers for supplying d-c control power, and 

polarity-blocking circuits 

6. Relays responding selectivity to half-wave and 
full-wave power 

7. Polarity-reversing switches 


With these components, the a-c power supply can be 
momentarily changed to either half-wave or full-wave 
and polarity reversed. At the load, relays and rectifiers 
switch the control circuit as required to provide two 
choices by polarity plus two choices by kind of recti- 
fication with variable line voltage still available for 
speed control. 

Relays responding to rectified but not to raw a-c 
power are made slow-acting with a copper sleeve, slug 
or short-circuited winding. Spring loading and field 
saturation are critical, but when a suitable relay of this 
type is energized on alternating current it will not pull 
in although it may buzz. Increased a-c voltage on such 
a relay may increase the armature vibration enough to 
momentarily close the contacts but this condition re- 


Normally 
closed 
push 


Ha/f-wave 
relay 







Operating relays 


Operating 
relays 


Re versing 
“Normally closea aig gg 
push buttons 


Fig. 3—Two independent functions 
may be controlled by changing the 
polarity of the circuit shown in Fig. 2. 
Rectifiers in the control block one 
relay coil and feed power to the other. 
Series resistances R are adjusted so 
motor performance is unaffected. 
Fig. 4—Four independent functions 
are provided by combining response 
to half-wave and full-wave power and 
polarity response. Operation of the 
control may be supplied by two 3-posi- 
tion switches. Transformer A supplics 
a-c and half-wave d-c while transform- 
er B supplies only full-wave d-c. Switch 
No. 1 changes a-c to half-wave d-c in 
either polarity; switch No. 2 supplies 
full-wave d-c in either polarity. Addi- 
tional contacts on any of four operat- 
ing relays may decrease or disengage 
motor power while relay is engaged. 


Switch No.1 


quires two or three times the rated d-c voltage. 

For either half-wave or full-wave power the type 
of relay shown at A in Fig. 1 is required. This par- 
ticular shape of coil, core and shading ring will keep 
the relay from responding to a-c, but on rectified d-c 
the armature seats solidly. Note that the coil is short 
and core diameter is reduced at the armature end. 

Response to full-wave but not to half-wave power 
requires the type of relay shown at B. An operating 
coil and a short-circuiting coil are placed end-to-end 
on the core, giving sufficiently slow action that the 
armature does not seat on half-wave power. This 
relay used in combination with the one previously 
described provides selective operation on the half-wave 
or full-wave power. To do this, the operating coils 
of both relays are connected in parallel, but an extra 
set of contacts on the slow-acting relay opens the cir- 
cuit to the other one when full-wave power is applied. 
On half-wave, only the fast-acting relay closes. 

Desired operation for this train control called for 
five functions combined in a single selective control. 
The functions were: energize motor, reverse motor, 
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Half-wave relay 


ie Rails 


A-c power 


Suvich No.2 


uncouple, blow whistle and ring bell. Energizing and 
reversing were conventionally done by a drum switch 
indexed by a solenoid when the main power circuit was 
opened. This circuit provided four positions—forward, 
stop, reverse and stop; control required only a closed- 
circuit pushbutton in the power supply to the track. 
However, unintentional circuit interruptions advanced 
the drum switch. 

The uncoupling function as previously used, called 
for a separate control rail and contact brush to supply 
power to a solenoid which operated the coupler release 
lever. A normally open pushbutton gave remote con- 
trol but only when the equipment was spotted over 
the auxiliary control rail. 

Whistle circuits already in use gave control over 
the power supply line without appreciably affecting 
a-c power to the motor. As shown in Fig. 2, a motor 
driving the whistle took power from the track through 
the contacts of a relay responding only to half-wave 
rectified d-c. In the power supply line, a normally 
closed pushbutton shorted a half-wave rectifier. Op- 
erating this pushbutton changed the a-c supply to half- 
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Fig. 5—By polarity control two universal motors may be 
independently operated through a single power line. 




















Fig. 6—Two d-c power circuits are kept independent by 
the rectifier but the relay will respond when the low- 
resistance motor is across the control section. 


Fig. 7—For a mo- Briage 
: rectifier 
tor operating on a s 
d-c line, connecting 
the series or shunt 
field to the line 
through a full wave 
rectifier makes it 
possible to reverse 
the motor by chang- 
ing line polarity. Rectifier must supply the field and not 


the armature to avoid damaging effects from back emf. 


Series field 


D-c line 





wave d-c, pvulling in the whistle motor relay. The 
propulsion motor operated on either a-c and d-c, and 
a resistor in series with the pushbutton contacts com- 
pensated for the voltage drop in the rectifier. This 
device gave selective control without extra control cir- 
cuits, and without interference with normal operation 
of the motor. 

A further improvement in separating control func- 
tions was obtained by adding polarity response with 
a circuit as shown in Fig. 3. When half-wave rectified 
current is substituted for a-c in the power line, the 
relay closes, sending power to either of two circuits 
depending on polarity of the rectified d-c. For control 
of the power supply, a pair of normally closed push- 
buttons or a three-position double-pole key switch 
serves to reverse the polarity and cut out the a-c sup- 
ply. This circuit was an improvement but was still 
limited to but two selective functions in addition to 
motor power control. 

Addition of a slow-acting relay and another recti- 
fier to the response control of Fig. 3 gave the desired 
four selective functions plus motor speed control. 
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Complete diagram for the power supply and response 
circuits is shown in Fig. 4. Two 3-position key switch- 
es in the power supply feed a-c and full-wave or half- 
wave d-c in either polarity to operate three auxiliary 
circuits and the motor reversing switch. It is essential, 
of course, for the motor to operate on half-wave and 
full-wave d-c as well as a-c without any large change 
in performance. And, to use variable voltage for motor 
speed control, relays must be designed to operate over 
a wide range of line voltage. 

Another related problem solved with the use of rec- 
tifiers is independent operation of two motors from a 
single two-wire line. This is accomplished, as shown 
in Fig. 5, by polarity control with a rectifier ahead of 
each motor to block power of the opposite polarity. 
With this circuit, motors require a higher voltage to 
operate at the same speed and losses are greater. Re- 
versing can be added through an interruption control 
such as the indexing drum switch previously described. 
Selectivity through half-wave and full-wave rectifiers 
is not possible. 

Another train control idea with industrial control 
application is the detecting circuit shown in Fig. 6, 
used as the basis for signalling and block control 
systems. Two d-c power supplies are connected in 
series ; the voltage of B alone is equal to the power line 
and the sum of the two sources matches the operating 
potential of the relay. The rectifier prevents shorting 
of source 4 and blocks the relay from the track power 
circuit. 

When a motor enters the control section, power is 
supplied by B. Current also flows from A to the relay 
through the rectifier, motor and source B. When the 
motor leaves the control section the relay opens. Since 
the resistance of the motor is relatively low, it does not 
affect the relay; resistance of the relay is sufficiently 
high that it does not affect motor operation. 

A motor operating on a d-c supply may be reversed 
by reversing line connections. This is accomplished by 
supplying the field winding through a rectifier bridge, 
Fig. 7. Thus, the reversing characteristics of a per- 
manent-magnet field can be obtained from a series or 
a shunt field. The rectifier must supply the field, and 
not the armature, since back emf generated in the 
armature would flow back into the rectifier shorting 
it and overloading the motor. This circuit is suitable 
only for d-c power supply. 

While these circuits have been developed for use with 
miniature trains, the basic ideas are readily adaptable 
to industrial control. Suitable relays, rectifiers and 
switches are available as standard components. Some 
of these circuits are already in use in communication 
equipment, conveyor control and regulation of light- 
ing and heating. OOo 


This is the third feature article in the current series which 
examines other fields for relay circuit ideas applicable to auto- 
matic control service. The two earlier articles were: 


Timing, Counting, Selecting Circuits from Elevator Practice, 
September 1950, page 86. Some basic circuits useful in 
solving automatic control problems. (Reprint available; see 
page 165.) 

Relay Circuit Ideas Taken from Telephone Practice, May 1950, 
page 112. Sequence, time delay, pulsing and steering circuits 
adaptable to control functions; with some specific suggestions 
for relay circuit design. 
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Strain-Gage Transducers For Servos 


Miniature linear transducers using bonded 
resistance strain gages, convert acceleration 
and pressure into electrical signals; accuracy 
is + 1 per cent of full range. 


N THE design of servomechanisms, telemetering 
I system and measuring instruments, transducers 
are often required to convert a mechanical variation 
into an electrical signal. For converting acceleration 
and pressure variations into electrical signals, bonded 
strain gages on a cantilever beam are used in a line 
of miniature transducers developed by Fredric Flader, 
Inc., North Tonawanda, N. Y. Electrical output varies 
linearly with imposed acceleration or pressure. 

The strain gage accelerometer, shown in Fig. 1, con- 
sists of a weight on the end of a cantilever beam to 
which are bonded four Baldwin SR-4 strain gages. 
two on a side. When the beam is flexed by an accelera- 
tion load, one pair of gages will be in compression. 
the other in tension. The copper-nickel alloy wire in 
the strain gage expands or contracts in diameter and 
thereby changes resistance. To afford maximum elec- 
trical output, the four strain gages are connected in 
a Wheatstone bridge circuit as shown in Fig. 2. Elec- 
trical output obtainable from the bridge is determined 
by the extent of the prevailing skin stress under the 
gages in the beam. Accelerometers are available in 
ranges up to + 500 G. 

Damping in the accelerometer is by use of an organo- 
silicone fluid. Although this fluid is superior to others 
in regard to viscosity changes with temperature, op- 
timum damping can be obtained at only one tempera- 
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Fig. 1—Miniature accelerometer, shown with case re- 

moved, consists of a cantilever beam on which are mounted 

four 300-ohm bonded strain gages. Flexure of the beam 

through acceleration of the seismic mass on the end 

stresses the gages and produces an electrical output pro- 
portional to the acceleration. 
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ture. Typical instruments are furnished with 65 per 
cent critical damping at any specified temperature. 

Mass in the accelerometers is generally lead, but 
where reduction in size can be effected, a tungsten 
alloy having a density 1% times that of lead is used. 
Beam is fabricated from an aluminum alloy with low 
hysteresis, high endurance limit and low modulus. Ac- 
celerometers measure 1 x 1 x 2 in. and weigh 4 to 8 
oz depending upon range. 

A bellows instead of an inertia weight can be used 
to deflect the beam for a low-range pressure gage, 
such as shown in Fig. 3. By using two bellows instead 
of the usual one, the gage can be used to measure 
pressure differential, relative pressure or absolute pres- 
sure. In the latter case one of the bellows is evacuated. 
Ranges are available up to 100 psi. 

Instruments for pressure ranges from + 100 to 
+ 5000 psi use another type construction. In place 
of cantilever beam, a heat-treated ring is used as the 
flexing member. Two gages are bonded to the inside 
of ring (compression) and two on the outside (ten- 
sion). The ring is flexed by a free piston as a result 
of pressure applied to a flexible diaphragm. These 
instruments measure gage pressure only. Natural fre- 
quency is above 1500 cps and the instruments are 
insensitive to normal vibrations and_ accelerations. 
Operating temperatures are from — 50 to + 170 F. 
Calibration is repeatable to within + 1% per cent full 
instrument range. Sensitivity shift due to temperature 


Vo/tage 
‘ryput 


Fig. 2—Strain gages bonded to the cantilever beam are 
connected to form the four arms of a Wheatstone bridge 
to produce maximum electrical output. 
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Fig. 3—Transducers for pressure have two opposing bel- 

lows to flex the beam instead of a sesmic mass. Pressure 

instruments can be used to measure differential, gage or 

absolute pressures. Units measure approximately 2 x 2 x 
1% in.; weight is about 6 oz. 


is not greater than 0.04 per cent per deg F. Cases 
measure approximately 3 in. diam x 334 in.; weight 
is about 2 Ib. 

All instruments are temperature-compensated to give 
repeatable calibration under all temperature conditions, 
usually specified between — 65 and + 165 F. For an 
application in which constant applied voltage across 
the bridge is required, temperature compensation of 
the bridge circuit is achieved by incorporating an ap- 
propriate length and diameter of nickel or copper wire 
in series with the input side. This merely compensates 
for change in modulus of elasticity of beam material 
with temperature, which change is fairly constant. 
Compensation is usually limited to a zero shift of % 
per cent of full scale per 100 F change in temperature 
and a sensitivity change of 0.01 per cent deg F. With 
the opposed bellows construction effects of thermal 
expansion and contraction is self compensating. 
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Strain-Gage Transducers for Servos 
High Temperature Resins 
Electronic Comparator 
Cooling Electronic Equipment 
Traversing Motor Drive 
Tube Socket with Built-In Capacitor 
Stainless Hardness Increased 


Electrically Operated Heart 


Red Lighting in Instrument Panels 


And other new ideas and 
developments of interest 





The instruments may be powered with either alter- 
nating or direct current. With d-c applied to the bridge, 
the full scale output is approximately 5 mv (open cir- 
cuit) per volt input, which is adequate for use with 
a panel microammeter, light-beam galvanometer, or 
recording potentiometer. When powered with a-c, the 
instrument is especially suitable in carrier systems and 
servos. Through the use of an FM audio oscillator, 
modulated to give an essentially linear variation of 
frequency with strain gage output voltage, the instru- 
ment can be used in certain FM radio-telemetering 
systems. 

For accurate measurement, the instruments must be 
insensitive to accelerations which are not to be meas- 
ured. The effects of accelerations occurring longitud- 
inally with the beam can be almost entirely eliminated 
by the use of two cantilever beams back-to-back with 
two bonded strain gages mounted back-to-back on each 
beam. In pressure gages, effects of acceleration can be 
eliminated by introducing a second beam acting as a 
compensating accelerometer. OOO 


Organoboron High-Temperature Resins 


New class of insulation in development stage 
reaching for 500 C resistance; a Staff Report 


Highly interesting, and potentially significant, work 
is being done in the development of an entirely new 
class of resins, the organoboron polymers. The research 
target here is the creation of high-temperature electrical 
insulation able to withstand at least 500 C, and ulti- 
mately even higher temperatures. 

Such operating temperatures should be contrasted 
with the critical temperature of 270°C for the silicones 
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and 325 for Teflon to realize the full significance of 
this development if and when it reaches practical 
maturity. Laboratory samples of organoborons have 
already shown fairly good insulating properties at 360 C. 

So far, electrical properties have proven sensitive to 
impurities, and it has been difficult to make samples of 
sufficiently pure ingredients. Electrical properties 
should be progressively better as the manufacturing 
difficulties are solved; on an overall basis organoborons 
should be superior to electrical properties of the sili- 
cones. They will not be as good as Teflon. However, 
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they will probably be even better than Teflon in 
thermal stability. 

Several organoboron components have been investi- 
gated. Du Pont is active in the field and holds (as 
assignee) several patents. With patent No. 2,517,944 
of December 16, 1946 methods for producing organo- 
inorganic polymers of the boron class are provided. 
These polymers contain boron-nitrogen bonds and are 
described more precisely as polymeric boronamides with 
a recurring structural unit: 


eM 


H R H 


where FR is a monovalent organic radical and FR! is a 
divalent hydrocarbon radical. These polymers have been 
investigated with some success for use as clear, trans- 
parent fibers and films. In Germany, Wiberg has done 
much work in polymers from boronamide structures 
which have been extensively reported in literature. 
Other organoboron compounds investigated are the 
boron-silicone compounds, the boronic oxides, and the 
boronic acid esters. 


The boronic oxide structure is somewhat of an analog 
to the silicone structure, with a boron and oxygen form- 
ing a chain and some organic radical being linked to the 
boron. Although boron has a tendency to chemical 
reactivity (in this respect it will not be as good Teflon 
of course), the organic radical can be so modified as to 
reduce this tendency. As a matter of fact, the indicated 
end uses for the organoboron resins in highly secret 
applications will make it mandatory that this problem 
be solved. Of the compounds mentioned, the polymers 
developed from boronic oxides, and those which may be 
developed from amines, seem to offer the best possi- 
bilities. 

Organoboron resins as of today are obviously beyond 
practical availability. But development is likely to be 
greatly accelerated in view of the important military 
application targets. If the organoboron resins are suc- 
cessfully developed, their availability may lead to large 
practical uses. The possibility of eventually developing 
wire and cable insulation of high thermal stability and 
resistance to 350-500 C brings in also the practicability 
of designing electrical apparatus of extraordinary 
small size. 000 


Electronic Comparator 


Using a photoelectric microscope, extremely 
precise comparator for line standards 
measures to an accuracy of + 2 microin. 


ALIBRATION of line standards has been accom- 
plished by operators taking readings through com- 
parator microscopes. With this method, the exact- 
ness of a calibration is largely dependent on the ability 
of an operator to estimate tle centering of an image of 


a scale line within the movable graticule of a microm- 
eter. The perfection of this centering not only varies 
from one operator to another, but varies from day to 
day with the same operator. 

To increase the accuracy of calibration of line stand- 
ards, Societe Genevoise D’Instruments de Physique, 
Geneva, Switzerland, developed an electronic com- 
parator which eliminates most operator errors. The com- 
parator, shown in Fig. 1, uses a photoelectric micro- 
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Fig. 1—Photoelectric microscope used in line standard comparator has a maximum electrical magnification of 30,000. 
Remote station containing controls is placed so heat from operator’s body does not affect measurements. 
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Fig. 2—Pulsating input to 

the amplifier is provided by 

vibrating the light beam 
that scans the scale. 


scope controlled from a re- 
mote station. As the micro- 
scope scans the scale line, 
a signal is provided by the 
variation in light intensity 
between the line and back- 
ground. This electrical sig- 
nal is amplified and fed to a 
microammeter which indi- 
cates the position of micro- 
scope with respect to the 
line. 

Operator uses a direct- 
sighting device embodied in 
the photoelectric microscope 
only for the preliminary ad- 
justment, focusing and align- 
ment of the line standard in 
the field of the photoelec- 
tric microscope. Readings 
are taken from a dial in a re- 
mote control station which 
is placed at a distance from the comparator to prevent 
heat radiated from the operator’s body from affecting 
either the distance between the microscopes or the length 
of the scale to be calibrated. The necessary relative 
movements of the scales and microscopes are, for the 
same reason, controlled from the remote station. 

Magnification given by the photoelectric device may 
be as high as 30,000 times. Under such magnification, 
microinches may easily be read on a dial in the remote 
station, but the narrow field limits the instrument to 
scales with small errors. At a magnification of 30,000 
times the field is 0.00025 in. ; at 15,000 times, 0.0005 in. ; 
at 7500 times the field is 0.0010 in. Change in magnifica- 
tion is easily made from a control at the remote station. 

In operation, light from a rectilinear source, shown in 
Fig. 2, is passed through an optically flat glass mounted 
in a coil of wire which in turn is suspended in a per- 
manent magnet in the same manner as a D’Arsonval 
movement. When 50- or 60-cycle power is applied to the 
coil, the suspended unit vibrates in the permanent 
magnet field, changing the angle of incidence between 
the stationary light beam and the optically flat glass and 
producing an oscillating light beam. This beam is re- 
flected by a prism through the microscope objective 
lens onto the scale below. 

Light reflected by the surface of the scale re-enters 
the objective lens of the microscope and is directed to 
a photoelectric cell: Each time the luminous spot co- 
incides with a scale line, reflected light suddenly de- 
creases and changes the cell output. These impulses are 
fed to an amplifier, and then to an electronic switch 
which simultaneously opens and closes two electronic 
circuits of opposite polarity feeding a sensitive d-c 
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Fig. 3—When line on the scale is centered directly in the 

field of the photoelectric microscope (above), the voltage 

pulses are equal in length or duration and opposite in 

polarity, and produce no reading on the micrometer. 

With the scale line not centered in the field of the micro- 

scope (below), milliammeter indicates both direction and 
magnitude of error. 
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microammeter which integrates the difference between 
the successive impulses. When the microscope is cen- 
tered over the scale mark, pulses are equal and micro- 
ammeter is on zero, as shown in Fig. 3. 

When the scale mark is not in the middle of the 
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area covered by the motion of the light spot, Fig. 3 
shows the effect produced. Ammeter reading is satis- 
factorily proportional to the off-center displacement. 
Reading error of the comparator does not exceed 
an average of +0.63 microin. Ooo 


Cooling Aircraft Electronic Equipment 


Adequate heat transfer from interior of com- 
ponents to exterior of equipment presents a 
problem in rarefied air. 


ROBLEM of developing efficient methods and 

equipment for cooling electronic equipment under 
present and projected airborne operating conditions, 
can be broken into two parts: component or interior 
cooling, and ultimate or external cooling. According 
to the Air Materiel Command, Dayton, Ohio, each 
part may be investigated more or less _ separately 
although they are definitely interrelated. 

Component or interior cooling involves problems 
of transferring heat from the interior of electronic 
components to the surfaces and from component sur- 
faces to walls of equipment. General method of solv- 
ing this part of the cooling problem has been to design 
the equipment as a breadboard model to give operating 
characteristics and functions required. Next equipment 


Test Laboratory 
for 


Magnetic Tape Recording 


Laboratory equipment that can rap- 
idly test the performance characteristics 
of sound recording tape, recorders and 
playback units has been set up in St. 
Paul, Minn., for free use of the indus- 
try by the Minnesota Mining and 
Manufacturing Co. The equipment and 
a staff to operate it are provided as a 
free consultant service for the record- 
ing industry. 

The three racks of laboratory equip- 
ment shown here, plus recorders and 
speakers, permit measuring such per- 
formance characteristics as output and 
uniformity of output at any frequency, 
signal-to-noise ratios, dynamic range, 
wow, flutter, harmonic distortion and 
intermodulation noise. Included in the 
equipment are an AM-FM tuner, oscil- 
loscope, wow meter, electronic volt- 
meters, dual-channel oscillograph with 


associated d-c 


amplifiers, two high- 
fidelity audio amplifiers and two pro- 
fessional recorders that operate at any 
speed from 3%4 to 15 in. per sec. Also 
included is a sonic analyzer for meas- 


is packaged to meet space and weight limitations. Com- 
ponent heating problems are then attacked and solved 
by “brute force’ methods which all too frequently 
involve an increase in size and weight. 

Tests on components alone or bench tests of equip- 
ment are not adequate to produce thermal data charac- 
teristics of actual operation. Relationship of compon- 
ents within equipment, relationship of equipment 
within the aircraft and configuration of the aircraft 
structure around the equipment are all factors which 
should be taken into consideration. In component 
cooling, considerable study is still needed in the deter- 
mination of film coefficients for convective heat transfer 
from electronic component shapes, especially when 
packaged into the equipment. Spatial configuration, 
mounting methods, color and texture of surfaces, effects 
of heat transfer fluids and refrigerants on operating 
characteristics, more efficient design of interior mounted 
blowers, pumps and heat exchangers, are only some of 





uring distortion and frequency response 
and for showing noise spectra. Built 
into the recorder is a special bias circuit 
to permit introducing wide variations 


in bias, Ood 
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Can this clue 
to quality be found 


o \ if 


on your 
product ? 


a / 7 . . . 
Yes! a PHILLIPS SCREW PHILLIPS SCREWS, with their identifying X formed 
It’s easy to tell whether a product has 


been asembled with engined gh by the cross recess, are recognized on sight as a mark 


ness at vital fastening points. Just 
look for Phillips Screws. You'll know 


them bythe ientiyingX formed by of quality in well built products. The general public 
the cross-recess on the head of each 
screw. It's your clue to quality con 


wooed orake= hme ow be knows that Phillips Cross-Recessed-Head Screws make 
eee eee products stronger, better looking. 14 million readers of 
The Saturday Evening Post are being told that when it 
comes to assurance of quality, X marks the spot. 


PHILLIPS Cross-Recessed-Head SCREWS 
on sale at hardware, automo 
and mill supply 


These screws cut driving time up to 50%, set up 
tighter, resist vibration. They are distinctively designed 
to give maximum strength of head, maximum driver 

Part of the series of noth. TI Biendmete: ates Ls d li 

adeostiooments os strength. ney eliminate driver skids and split screw 

Phillips Screws appear- heads. Whether you use Phillips wood screws, machine 

ing in The Saturday ed . i canal build bett duct 

teann Pact. screws or tapping screws, you build a better produc 
and you save time, work, money. 


PHILLIPS cxssecessedHoad SCREWS 


x marks the spot... the mark of extra quality 


AMERICAN SCREW CO. * THE BLAKE & JOHNSON CO. * CAMCAR SCREW & MFG. CORP. 
CENTRAL SCREW CO. * CONTINENTAL SCREW CO. * ELCO TOOL & SCREW CORP. 
GREAT LAKES SCREW CORP. * THE H. M. HARPER CO. * NATIONAL LOCK CO. * PARKER-KALON CORP. 
PHEOLL MANUFACTURING CO. * ROCKFORD SCREW PRODUCTS CO. * SCOVILL MANUFACTURING CO. 
SHAKEPROOF INC. * THE SOUTHINGTON HOWE. MFG. CO. * WALES-BEECH CORP. 
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the other factors to be considered in internal cooling. 

Ultimate or external cooling part of design involves 
the problem of the final rejection of the heat load from 
the electronic equipment and aircraft. Full considera- 
tion must be given to the complex and changing 
environmental conditions resulting from aircraft or 
missile characteristics and tactical mission. Variable 
factors of ambient temperatures, skin temperatures, 
atmospheric densities, pressure differentials and radia- 
tion effects now become of major importance. Until 
recently very little, if any, separate thought was given 
to this part of the cooling problem. 

All cooling systems or heat rejection methods now 
in use, no matter how complicated or ingenious, depend 
on a sufficient mass of atmospheric air at low enough 
temperature to act as the ultimate heat sink. In aircrait 
flights below 50,000 ft and below Mach numbers of 
0.6, this mass of air can be obtained by some means or 
another and consequently the ultimate cooling has in 
the past been lumped in with the component cooling. 
However, with an increase in flight Mach numbers 
beyond 0.7 (530 mph at sea level) aerodynamic heat- 
ing of the air produces stagnation temperatures which 


Tube Soeket With 


By-pass and coupling capacitors built into 
tube sockets shorten leads and simplify 
wiring. 


‘NE OF THE factors influencing performance of 

an electron tube is the length of the leads between 

it and the other circuit elements, particularly when the 
tube is used in high-frequency service. A partial an- 
swer to the problem of shortening leads is a tube socket, 
with built-in by-pass and coupling capacitors developed 
jointly by Cinch Manufacturing Co., Chicago, and Erie 
Resistor Co., Erie, Pa. This method of coupling or by- 
passing any tube element as shown in Fig. 1, provides 
the shortest path to ground and also simplifies wiring. 
In addition, space required by the circuit components is 
reduced since the socket with capacitors is the same 
size as a standard receiver tube socket. When the tube 
socket is mounted on a metal chassis, any tube element 
may be by-passed to ground as shown in Fig. 2 without 


Fig. 1—Ceramic capacitors are incorporated in the low- 
loss phenolic base and the assembly is no larger than a 
standard receiver socket. 
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affect heat rejection and cannot be overlooked. 

Above 50,000 ft density of air has decreased to such 
a point that even if the ambient temperature of —55 C 
which exists between 40,000 and 100,000 ft could be 
fully utilized, it is increasingly difficult to obtain a 
sufficient mass of air to furnish any capacity as a heat 
sink. Variation in density effect at 60,000 ft, reduces 
cooling capacity to only 10 per cent of that at sea level. 
Above 100,000 ft the situation becomes still worse. 

Considerable work has already been done by Air 
Materiel Command laboratories in the theoretical and 
analytical investigation of ultimate cooling systems. 
More complete designs for ram diffusers, turbines, 
radiant and other type heat exchangers are still re- 
quired and the construction and test of actual working 
systems remain to be undertaken. 

A great deal of separate work can be carried out in 
ach part of the design. However, for an actual system, 
both component and ultimate cooling phases must be 
considered together since effectiveness of an ultimate 
cooling system will depend on the temperature and 
pressure differentials provided by the component cool- 
ing method and vice versa. oO 0 


Built-In Capacitors 


any other soldering connection. When.a tube element is 
to be coupled, two leads are provided; one for the 
tube terminal which is also one side of the coupling 
capacitor, and one for the other side of the coupling 
capacitor. 

Two types of ceramic capacitors are used in the tube 
sockets. A high capacitance type is used for by-pass 
applications requiring relatively high capacities with 
moderately high power factor and where change of 


L-- Ceramic 
capacitor 


--- Outer 
silver band 
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Fig. 2—Capacitors built into socket may be either by- 

passed to ground directly or left open for coupling appli- 

cations. On by-pass applications, ground strap contacting 

outer plate of capacitor is connected to metal chassis when 
tube socket is mounted. 
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~ Series 30 A.C. 
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The A.N. CONNECTOR 
TYPE mounting is ap- 
proved by the Army and 
Navy as standard her- 
metic seal termination 
equipment. This type 
of mounting is partic- 
ularly adaptable where 
shielded or cabled cir- 
cuits are a necessity. Vi- 
bration-proof mounting 
with quick connect and 
disconnect is insured. 


ee 


Series 210 A.C.—215 D.C. 


GUARDIAN 


Series 335 D.C. 


RELAY 


Approved—distinguished by spectacular performance in truck train 
communications and thousands of flying echelons—The Guardian Series 
335 D.C. Relay! Hermetically sealed or with conventional open and 
special mountings, unit offers a wide variety of applications. Series 335 
D.C., built to rigorous aviation standards, meets the 10-G Vibration Test 
and the Mil-R-6106. Generous coil winding area permits single wind- 
ings up to 15,000 ohms. Parallel and double windings available. 

Maximum voltage: 220 V.D.C. Power requirement: Normal, 342 watts. Max.-resistance 
standard unit: 12,000 ohms. Applicable to time delay attract up to .06 second and release 


up to .01 second. Contact rating: %” dia. silver, 12 amps. at 24 V.D.C. inductive load. Com- 
binations up to 3 P.D.T. with 12 amp. contacts. Bakelite insulated, tested at 1500 V.—60 C. 


mab 


"Series 595 D.C. Series 610 A.C.—615 D.C. 


Series 220 A.C. 


WRITE OR WIRE... FREE CATALOG, SPECIFIC RECOMMENDATIONS, NO OBLIGATION. 


GUARDIAN 


1627C W. WALNUT STREET 


ELECTRIC 


CHICAGO 12, ILLINOIS 


A COMPLETE LEWE OF RELAYS SERVING AMERICAN tnDUSTRY 
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capacitance with temperature is permissible. A tem- 
perature-compensating type is used in coupling appli- 
cations and frequency determining circuits requiring 
lower capacitances, lower power factor and good sta- 
bility. Ratings of the high capacitance type is from 
560 to 1000 mmf; capacitance will not vary more than 

20 to +10 per cent over temperature range from 

40 to +85 C. For the temperature-compensating 
type capacity range is from 3 to 75 mmf; temperature 
characteristic changes with rated capacitance. From 
25 to 85 C, the coefficient is +120 + 120 ppm per deg 
C for small capacitances, 0 + 60 ppm per deg C for 
values from 10 to 25 mmf and —750 + 120 ppm per 
deg C at highest capacitances. 

Tolerances are +10 per cent or +1 mmf minimum 
for temperature-compensating capacitors, +50 and 
—20 per cent for Hi-K types. Maximum power factor, 
when measured at 25 C, 1 mc and 0.5 to 5 volts rms, is 
0.1 and 3 per cent for the temperature-compensating 


Traversing 


Unit is essentially a cylinder in which motor 
is carried by piston; motor pumps itself 
down. 


UTOMATIC drill heads for use in drill jigs and 

machine tools require a traverse motion in addition 
to rotation. Traverse motion has been obtained by mo- 
tors with traversing rotors* and by using lead screw 
arrangements with reversing motors. In the unit shown 
in Fig. 1, made by The Dumore Co., Racine, Wis., the 
traverse motion is obtained by designing the drill-head 


* See “‘Motor Drive with Traverse Motion,” ELectricAL MANUFACTUR- 
inc, April 1950, p. 122. 


Fig. 1—Rate of traverse feed is controlled by adjusting 

the amount of air admitted to compressor through the 

air-intake valve located below pressure gage. Feed rates 

up to 0.002 in. per revolution are attainable in cold-rolled 

steel at 2500 rpm, and up to 0.015 in. per revolution in 
acrylic plastics at 3000 rpm. 
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and Hi-K types, respectively. Insulation resistance is 
7500 megohms minimum at room temperature measured 
at 100 volts d-c in series with a protective resistance of 
1 megohm. Dielectric strength is 1500 volts for one 
second at sea level; maximum charging current of 50 
ma. Voltage rating of capacitors is 350 volts d-c. To 
resist moisture capacitors are silicone treated and enam- 
eled, where not covered with silver. 

Socket body is made of low-loss phenolic and has 
the following characteristics: power factor, 0.015 to 
0.017 at 1 ke; dielectric constant, 4.35 to 4.5 at 1 kc; 
dielectric strength, 400 to 450 at 60 cps; and moisture 
absorption, 0.03 per cent. Commercial socket terminals 
are made of silver-plated spring brass, and all other 
hardware is of cadmium-plated steel. Sockets meeting 
JAN requirements have heat-treated silver-plated beryl- 
lium copper terminals with a tin alloy coating on the 
ends for easy soldering ; other hardware is nickel-plated 
brass. 


Motor Drive 


motor assembly as the piston of an air-operated cylinder. 
Air to force the piston down the cylinder is provided 
by a small built-in rotary-vane compressor, shown in 
Fig. 2, driven by the drill-head motor. Thus the unit is 
self-contained and needs no separate air equipment for 
operation. At end of stroke an adjustable nut on the 
piston rod trips a control lever, exhausts the air and 
allows the return spring to automatically withdraw drill. 

Speed of the universal motor is controlled by the 


ADJUSTABLE 
STOP NUT 


AIR PRESSURE 
REGULATOR 


} PRESSURE 
EXHAUST PORT c es 7 2 RELIEF VALVE 


(in back) y re | & | 


J AIR 
, PRESSURE 
GAUGE 
AIR FEED 
PRESSURE 
REGULATOR 
and INTAKE 


FULTER 


COMPRESSION 
CHAMBER 


ROTARY AIR 
COMPRESSOR 


MOTOR ASSEMBLY 


(used os a piston) RETURN 


SPRING 


Fig. 2—Device is powered by a universal motor with a 
double shaft-extension rotor. One end drives drill and 
other a rotary-vane compressor. Air fed to compression 
chamber forces motor assembly down cylinder until ad- 
justable stop nut trips control lever and opens exhaust 
port. Return spring forces piston to initial position. 
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This rugged motor 
grader, made by Cater- 
pillar Tractor Co., 
Peoria, Illinois, fea- 
tures a tandem-swing 
drive in its rear wheel 
design which gives it 
great traction and 
grade accommodation. 


T-602 
stared yo where metal fail / 


Graphited plastic laminate 
eliminates sleeve trouble in 
**Caterpillar’’ Motor Grader 


On their Motor Grader tandem-drive hous- 
ing pivot bearings, Caterpillar Tractor Co. 
experienced premature sleeve bearing wear. 
These bearings are subjected to intermit- 
tent oscillating motion and are difficult to 
lubricate. Field reports showed that metal 
sleeves became scored after only 300 to 600 
hours of operation. 


Richardson engineers recognized this as 
an ideal job for INSUROK, Grade T-602. 
In such difficult bearing applications, this 
self-lubricated graphitized phenolic laminate 
provides just the right combination of prop- 
erties for long, trouble-free service. Result 
for “Caterpillar”: three years of use —no 
trouble reports! 


In hundreds of similar applications, lam- 
inated and molded INSUROK made by 
The Richardson Company are solving dif- 
ficult problems for industry. Investigate 
these materials, today. 








INSUROK* 


i mt mC mattis 


The RICHARDSON COMPANY 


FOUNDED 1858—LOCKLAND, OHIO 

“Reg. U. 8. Pat. Off. 2799 Lake St., Melrose Park, Illinois (Chicago District) 

SALES OFFICES: Cleveland © Detroit ¢ Indianapolis ¢ Lockland, Ohio © Los Angeles 
Milwaukee © New Brunswick, (N. J.) ¢ New York ¢ Philadelphia ¢ Rochester © St. Louis 
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load of the rotary-vane compressor which acts as a 
speed governor. In general the speed ranges from 2500 
to 7500 rpm depending upon the pressure exerted on 
the drill. Thrust pressure of the piston is controlled by 
an air pressure adjustment and a feed regulator set 
according to drill size. Control of speed and feed per- 
mits working closer to the maximum strength of the 
twist drill. Setting the external air-intake valve controls 
the rate of drill advance. Depth of stroke, ranging from 
Mo to 1% in., is set by the adjustable stop nut in head ; 
can be controlled to within 0.004 in. Forward move- 
ment of drill is slowed at breakthrough point by in- 
creasing pressure of return spring, thus minimizing 
drill breakage and heavy burring. 

For drilling holes greater than 5 drill diameters in 
depth, or where chip clogging is apt to occur, unit can 
be manually operated; release of actuating or foot 
switch allows spring to retract drill, thus clearing chips. 
Switch must be actuated again to resume drilling 


operation. ooo 


Stainless Hardness Increased 


Cold rolling at liquid nitrogen temperature 
gives large increase in hardness and strength. 


Follow-up of an unexpected result from routine tests 
—presence of magnetism in a fractured piece of stain- 
less steel—has led to a new process whereby the hard- 
ness and strength of stainless can be increased beyond 
values possible by conventional metal-working proce- 
dures. This increase is achieved by working at temper- 
atures down to —300 F. 

During the course of fundamental investigations of 





Humidity-sensing element working on _ electrical 
principles developed by Minneapolis-Honeywell Reg- 
ulator Co., offers more precise and_ reliable 
moisture measurement than conventional means. 
Moisture in air changes resistance of a salt film 
deposited over a gold electrode inlaid on a plastics 
plate. Amplified and fed to conventional instru- | 
ments, this change in resistance can then be used | 
to indicate or control humidity to an accuracy 
closer than 1 per cent. 
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cast stainless steels at Crane Company laboratories, 
impact tests were conducted at the temperature of liquid 
nitrogen. After the tests had been completed, one of the 
samples exhibited a strong magnetic effect near the 
fracture after it returned to room temperature. Other 
samples broken at room temperature showed none of 
this magnetism, and subsequent tests showed that tem- 
perature alone was not a factor. Apparently the in- 
crease in permeability had been caused by a combination 
of severe plastic deformation—caused by the impact 
tests—and the low temperature. Tests made with the 
broken impact samples confirmed that adjacent to the 
fracture, hardness also had increased over that in the 
“as-cast” condition by some two to three times. 

Exploring the effects of rolling and drawing at sub- 
zero temperature, Westinghouse Research Laboratories 
studied the effect of preparatory heat treatment, sub- 
zero working, and subsequent high temperature aging. 
Some of the best results were obtained by heating for a 
short period at about 2100 F followed by quenching in 
water, cooling to about —300 F and rolling while at that 
temperature, and then aging for several hours at about 
750 F. The results were better than obtainable by low- 
temperature rolling alone, by preparatory heat treat- 
ment alone. Significantly, the highest hardness and 
strength values were obtained in those specimens rolled 
at the lowest temperature. Tensile strength, yield stress 
and hardness were all increased by this process as com- 
pared to conventional rolling. Of particular interest was 
the increase in proportional limit, which proved to be 
more than double that obtained by rolling at room tem- 
perature. Torsional yield stress and fatigue strength 
were also increased by about one half. 

One sample tested showed an even more remarkable 
characteristic. Austenitic stainless steels worked by 
conventional methods have a very low wear resistance, 
as compared to the best wear-resistant metals such as 
certain of the cobalt-chromium alloys. Yet one of the 
specially processed stainless steel specimens, differing 
slightly in composition from the others, showed a wear 
performance equal to or better than the best wear-re- 
sistant metal combinations. Although this character- 
istic did not show up in other samples to as great a 
degree, the possibility exists that these unusual results 
can be reproduced consistently. ooo 


Electrically Operated 
Mechanical Heart 


Machine ingeniously simulates action of 
heart and lung through integration of motor- 
powered pump, tubing and filters. 


Another example of electrical design applied to 
medical problems is the “mechanical” heart-lung used 
in Hahnemann Hospital, Philadelphia. Basic element 
in the machine is a squeegee-action pump, driven by a 
\4-hp universal motor. 

The machine is housed in a shatter-resistant trans- 
parent cabinet of 3/,,-in. thick Plexiglas acrylic 30 in. 
high, 16 in. wide and 18 in. deep (see Fig. 1.) 
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F. years instrument engineers have tried to 
build the magnet inside the moving coil for a 
more compact, more stable, inherently shielded 
d-c mechanism. In the Model 901 d-c portable 
instruments, Weston provides a practical and 
proved design of this type. The Weston core mag- 
net construction gives uniform flux field over a 
wide deflection angle ... withstands extreme 


WESTON 


MARCH 1951 


- 
ol 
- 
oa 
. 
- 
- 
oo 
* 
os 
a 
~ 
- 
a 
- 


mechanical abuse ... and is exceptionally well 
shielded without increase in size and with a re- 
duction in weight. Be sure to get the details of 
this remarkable development from your local 
Weston Representative, or write Weston Electri- 
cal Instrument Corporation, 593 Frelinghuysen 
Avenue, Newark 5, New Jersey .. . manufac- 
turers of Weston and Tagliabue instruments. 


Instruments 


YO SHIELDED 


*The high degree of shielding 
obtained with the perfected 
WESTON core magnet mecha- 
nism renders Model 901 port- 
ables virtually immune to exter- 
nal magnetic fields. 
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Fig. 1—Portable heart-lung machine, housed in a trans- 

parent, shatter-proof acrylic cabinet. At left rear is the 

artificial lung. The mechanical heart, its gear reducer, 

and drive motor are located on the floor of the machine. 

At upper right are rate-of-flow and temperature control 
instruments. 


OXYGENATOR OR VENOUS BLOOD FLOWING 
ARTIFICIAL LUNG FROM VEINS TO ARTIFICIAL LUNG 


TRANSPARENT TUBING Pe * 
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: +~ FILTER TRANSPARENT TUBING 


' REFRESHED BLOOD 
FLOWING BACK TOMAIN ARTERY 


MECHANICAL HEART PUMP 


OXYGEN | 


INLET | 


; 
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Fig. 2—Schematically, the machine consists of transpar- 

ent polyvinyl tubing for blood conveyance, an oxygenator 

or artificial lung for blood purification, and the mechani- 
cal heart for blood pumping. 


oxygenator or artificial lung is mounted in the left 
rear of the cabinet. At bottom, front, can be seen the 
heart pump unit and its motor drive and speed reducer 
The speed control unit, upper right, and related equip- 
ment control the rate of fluid flow. This control is 
critical, since the flow of blood through the pump and 
oxygenator must be synchronized with the patient’s 
body flow requirements. Machine also contains equip- 
ment for temperature control. Principle of operation 
is shown in the flow diagram (Fig. 2.) 

Pump itself (Fig. 3) was developed by the J. J. 
Ashton Co., and manufactured by Vanton Pump Corp., 
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Fig. 3—The Vanton mechanical heart pump, which is 
driven by a “4-hp universal motor. 


both of New York City. It approximates in size the 
human heart and has no stuffing boxes, gaskets or 
valves. Its four main parts consist of the heat-re- 
sistant Plexiglas II body block, a surgical gum-rubber 
liner, a turned-aluminum rotor, and two end plates. 
It is so designed that no liquid can touch any con- 
taminating material. Fluids passing through the pump 
are in contact only with the outer surface of the 
liner and the inner countersunk surface of the body 
block. Heat-resistant acrylic is used to withstand steril- 
izing temperatures. 

Rotating action of the rotor assembly actuates the 
liner so as to cause a squeegee pressure against the 
countersink in the pump body block. This results in 
a positive fluid displacement that propels the blood 
out of its discharge port at up to 8 quarts per min. 
However, this is considerably more than ever required, 
since blood flow in humans is only around 4 quarts 
per min. At present, the body block is machined from 
2%4-in. acrylic sheet stock, but since ID dimensions 
are critical, in the future it is planned to mold it 
from powder to finished shape; molding will include 
bolt holes, port openings, and other major internal 
dimensions. In this case, only the major ID will need 
finish machining to bring it to critical size. O O SG 


Red Lighting In Instrument Panels 


Use of red light for instrument panels has been 
found to permit the highest degree of “dark adaptation” 
or the ability to see in the dark for operating personnel 
according to Naval Engineering and Experiment Sta- 
tion, Annapolis, Md. A person standing on the bridge 
of a ship at night, can see out into the darkness much 

(Continued on page 251) 
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CALROD’ HEATERS 


“Simplest, easiest, and most reliable way 
to build heat into your product,” 
says Morrison Machine Co. 













Only a few minutes are required to insert the 
cartridge heaters into the heating shoes, connect 
the leads, and fit the shoes over the blanketed 
cylinders of the shrinking machine. 2 


This Morrison machine, built with G-E Calrod car- 
tridge heaters, accurately shrinks the fabric in warp 
and weft. Temperatures, controlled by thermostats, 
are varied according to the fabric being shrunk. 


LIKE THE MORRISON MACHINE CO., designers and Before You Design your equipment for repetitive 
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builders of textile machinery, you may find that the 
simplest, easiest, and most reliable way to build heat 
into your product is with G-E Calrod heaters—tubular, 
cartridge, strip or fin. 

The Morrison Co., faced with the problem of build- 
ing intense, controllable heat into machines for shrink- 
ing textiles as they roll at high speed off the looms, 
picked G-E Calrod heaters. Here’s why— 

1. Use of G-E Calrod heaters cut machine manufactur- 
ing costs—workmen need only insert the heaters in 
the heating shoes and connect the leads. 

2. Use of G-E Calrod heaters increases customer accept- 
ance and satisfaction because the heaters are reliable 
and easy to operate. 

The trademark, ‘‘Calrod,’’ famous for 24 years, is a 
guarantee to customers that these heaters are designed 
to stand up under ‘round-the-clock schedules. Custom- 
ers Can get maximum use of machinery and maximum 
output. 

The heaters are easily controlled by thermostats, 
which can be set for the desired temperature up to 750 F. 


* Registered Trademark of General Electric Co, 
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manufacture, get together with the G-E heating spe- 
cialist in your nearest G-E office. He'll be glad to help 
solve your heating problems by selecting from our 
stock of heaters available in a wide range of standard 
sizes, ratings, and sheath materials. 


NEW. FREE CATALOG 


Write us on your letterhead for Dulletin GEC-1005A. 
And, if you'll also tell us about your heating problems, 
we'll send you application bulletins to help you select 
and correctly apply the right heaters to give you heat 
where you want it... when you want it...and in the 
amount you want it. Section 720-29, Apparatus Dept., 
General Electric Co., Schenectady 5, N. Y. 


re PED Naas 
me cient NEW SELLING AID 
ENERA 


These labels, with a gummed 
back to enable you to place 
them on your machinery, 
are now available. 





GENERAL ELECTRIC 


720-29 


















Application and performance data for 


2] (MATERIALS and COMPONENTS 


for designed-tn use 


To aid readers in obtaining additional data from manu- peated on those pages; fill out card, circle numbers de- 
facturers on items reviewed here, a Reader Inquiry sired and mail. Complete address is also given for those 
Facility with postpaid return cards is provided on page who wish to write direct; when writing please men- 
169. For convenience, key numbers with titles are re- tion ELECTRICAL MANUFACTURING as 




























your source. 





ROTARY SELECTOR SWITCHES WITH LOW CONTACT RESISTANCE 


OTALLY enclosed type 31-3 ‘ 

selector switches, for use 
in instrument circuits, have a 
contact resistance of only 0.001 
ohm which changes less than 
0.0005 ohm on life tests of 10 
million operations. Switch is 
shorting type with make-before- 
break contacts. Various switch- 
ing combinations can be sup- 
plied from 1 to 6 poles with 
up to 12 positions per pole. 
Stationary contacts are made 
of solid silver and multiple-leaf 












self-aligning brushes are of a silver alloy. Thermal emf rating is 5 amp. Totally enclosed design keeps out dirt 
generated when switch is operated at normal speed is less and dust. Adjustment screw on shaft detent permits regu- 
than 1 microvolt; useful with thermocouples and other low- lation of switching torque. Dsigned for 2-hole panel 
level circuits. Maximum inductance is less than 0.03 mounting in accordance with JAN and RMA standards. 
microhenry and capacitance between segments is less than Base of switch is die-cast aluminum with bronze bearing 
0.5 mmf. Switch body of molded plastics has an insulation insert for shaft. Stainless steel switch shaft is insulated and 
resistance of 10° megohms when new and greater than 500 supported at both ends. Overall diameter is 2 in. including 
megohms after 2 months at 100 per cent RH. Insulation soldering terminals; depth behind panel is ™e6 in. plus 
withstands 500 volts rms between segments and from seg- 1M%¢ in. per pole. Leeds & Northrup Co., 4902 Stenton Ave., 
ments to ground. Current interrupting capacity is 1 amp Philadelphia 44. 


at 110 volts 60 cycles for a resistance load; continuous For further information, circle No. 1 on Reader Inquiry Facility, page 169 


LAMINATE HAS UNIFORM STENGTH IN ALL DIRECTIONS 









OTTON FIBER phenolic laminate, Insurok Grade cotton fibers in the laminate, strength (tensile, impact and 
T-815, is primarily intended for mechanical applications flexural) is same in the main direction, cross direction and 
and electrical parts requiring high mechanical strength. at intermediate angles. Machinability is good; produces 
Because of the random-laid arrangement of the unwoven smooth surfaces comparable to those obtained with a 


















Mechanical Properties Maximum operating temperature, F 












Thickness of material tested, in. 0.5 continuous 212. 
SSS : ees ee = - short time 300. 
Water absorption in 24 hr, per cent 0.7 
Expansion after 24 hr at 77-F in water, in. 
center expansion 0.0020 
edge expansion 0.0025 Electrical Properties 
Tensile strength in all directions, psi 15,000. Thickness of material tested, in. 0.062 
Flexural strength lengthwise and crosswise, psi 22,000. . — 
Compressive strength, psi Power factor at 1 mc 0.07 
flatwise 45,000. Dielectric constant at 1 mc 5.1 
edgewise 22,000. Loss Factor at 1 mc 6 all 0.35 
Impact strength, Izod, lb-ft per in. of notch Dielectric strength perpendicular to laminations, vpm 
lengthwise—flatwise 3.0 short time . 
—edgewise 1.4 step-by-step 250. 
crosswise —flatwise 2.9 Insulation resistance, megohms 
—edgewise 1.3 after 96 hr at 90 per cent RH at 104F 200. 
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De you need 





MOLDED PLASTIC PARTS 


for defense equipment 


or essential civilian goods 


If you do, don’t take chances. Turn the job over to a top-flight 
molder .. . one with a proven record for skill and service. It 
doesn’t cost any more. In fact, in the long run it is almost certain 
to cost you less. 


Among the recognized top-flight molders you’ II find Chicago 
Molded Products Corporation with its huge, 3-acre custom 
molding plant and an international reputation for doing even 
the toughest jobs well. You'll find here an organization with the 
designing skill and knowledge of materials to help you get into 
production swiftly and surely; the seasoned judgment to avoid 
misapplications; and the scope and extent of facilities to insure 
fast, economical production of even your largest quantity runs. 


In addition, you’ ll find here a unique faculty for understand- 
ing your needs, plus the ability to interpret them promptly in 
sound engineering terms... the “know-how” that comes only 
with experience .. . the competence which is essential to a sound 
molder relationship. 


This service is available to you now. Why settle for less? If 
your plans are still in the formative stage, we invite you to talk 
things over with a Chicago Molder engineer. If your engineer- 
ing is completed, send us prints for quotation. In either case 
there’s no obligation. Just write, wire or phone. 


CHICAGO 


MOLDED 


PRODUCTS 
CORPORATION 


1024 N. Kolmar Avenue, 
Chicago 51, Illinois 





Consider these outstanding 
advantages provided 
by Chicago Molded: 


30 years experience 

in plastics... 

serving many of the biggest names in 
industry and pioneering many of today's 
most widely used and successful applications, 


Defense production 
in World War ll... 


supplying ports used by all branches 
of the armed services. 


Top-flight engineers 

and designers... 

many with 20, 25 and even 30 years 
experience with this organization. 


Our own mold-making 
department... 

with a national reputation for quality tools 
of highest efficiency. 


Compression, injection 

and plunger molding... 

scores of presses—from small, fast acting 
automatics to towering giants capable of 
molding in volume the largest parts made... 
dozens of modern injection machines with 
special emphasis on large capacity... 
assuring exactly the right size and type of 
press for your job. 


3 COMPRESSION, INJECTION AND PLUNGER MOLDING OF ALL PLASTIC MATERIALS 
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dense paper-base laminate. Can be turned, milled, drilled, 
shaped and otherwise machined in same manner as hard 
brass. Parts can be cold-punched from sheets up \e in. thick- 
ness and hot-punched from sheets up to %2 in. Electrical and 
moisture characteristics are better than required for NEMA 
grades C and L. Available in sheets 36 in. wide with 
lengths of 36, 42, 59 and 72 in. Standard thicknesses to 
NEMA tolerances; close tolerance sheets can be furnished. 
Also in strip or fabricated parts. The Richardson Co., 2799 
Lake St., Melrose Park, IIl. 


For further information, circle No. 2 on Reader Inquiry Facility, page 169 


MAGNETIC BRAKES FOR MOTORS 


Solenoid-operated type CD disk brakes are designed for 
mounting on motors with NEMA type C flanges but can be 
used on other motors by drilling holes in the end bells. 
Brakes are spring applied, electrically released; available 
with or without manual release. Only one disk is used in 


brake which minimizes drag of lining on stationary disk 
when operating. Direct-acting magnetic brake mechanism ; 


coils available for either a-c or d-c operation. Lining is a 
solid friction disk mounted on a rectangular hub. Solenoid 
plunger stroke is limited by a fixed stop to prevent coil 
burn-out. For d-c service, a solenoid with both pickup and 
holding windings is used. At end of solenoid stroke, a 
direct-acting switch inserts holding winding in series with 
pickup winding reducing the holding current. Enclosures 
for brakes consist of a close-fitting steel wrap-around 
cover. Brake covers meet requirements for NEMA type 1 
general-purpose and NEMA type 2 dripproof enclosures. 
Torque ratings range from 1% to 50 lb-ft for continuous 
duty and 1¥% to 75 lb-ft for intermittent duty. Cutler-Ham- 
mer, Inc., 315 N. 12th St., Milwaukee 1, Wis. 


For further information, circle No. 3 on Reader Inquiry Facility, page 169 


POWER RELAY 


Type PK relay has %¢-in. 
diam silver contacts rated 
at 10 amp for 24 volts d-c 
or 115 volts a-c. Contact 
arrangements up to 4PDT 
are standard but 6PDT con- 
tacts can be furnished. Coils 
can be wound for any volt- 
age up to 115 volts d-c or 
230 volts a-c. Sensitivity of 
2-pole relays is 0.7 watt for 
d-c coils and 2.5 va for a-c; 
4-pole types require about 
twice as much power. Normal temperature rise is 30 C 
above ambient for d-c, 45 C rise for a-c. Maximum input 
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for 85 C rise is 5 watts d-c, 11 va a-c. Relays can be 
mounted either on base or end. Dimensions of 4-pole 
relay are 246 x 14 x2 in. Also available in hermetically 
sealed enclosure; dimensions are 34x1%x2%e. Allied 
Control Co., Inc., 2 East End Ave., New York 21. 


For further information, circle No. 4 on Reader Inquiry Facility, page 169 


SMALL GEARMOTORS 


Designed for heavy duty service, line of small gear- 
motors with right-angle shaft is available in sizes from 
%o to % hp. Rotors have die-cast aluminum bars with 
integral fans. End bells are also die-cast aluminum with 
steel bearing inserts. Stator is 45g in. OD and is available 
in two stack lengths, 14% and 2% in. The shorter length is 
for ratings up to 45 hp, 1724 or 3450 rpm single phase; 


the longer stator for motors up to %& hp, 1725 or 3450 rpm 
single phase. Ratings are about 25 per cent higher for 
same frame when wound for 3-phase. Gear ratios up to 
60:1. Ball bearings are used; four in the gear case are 
splash lubricated and front motor bearing is a permanent- 
seal prelubricated type. Windings can be provided for wide 
range a-c voltage, frequency, or phase arrangement. Neo- 
prene seals are used at points where rotating shafts enter 
gear case. Double extension shafts can also be furnished. 
Face and foot mountings. United Electric Machinery Co.. 
1824 N. 72 Court, Elmwood Park, III. 

For further information, circle No. 5 on Reader Inquiry Facility, page 165 


CUT-OUT COUPLINGS 


Automatic device for use with machine tools and proc- 
essing equipment instantly disconnects power when an 
overload occurs and resets automatically. A circular cam 
bolted to the driving member transfers driving torque to a 


sliding sleeve and hub through four conical rolls and four 
cylindrical rolls. Hub fits onto the input shaft of driven 
machine. As torque increases, relative rotation between cam 
ring and sliding sleeve causes conical rolls to climb up 
the circular cam and force the sliding sleeve axially out- 
ward against back pressure of a compression control spring. 
When this outward movement reaches a predetermined 
point, hub actuates a limit switch which cuts the power to 
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Interested in a light, shock-proof package 
that won’t break, crack or shatter 
... CUStom-molded fo your needs ? 


PROLON-MOLDED CASE OF POLYETHYLENE 
FOR TAP-AND-DIE TOOLS. 5 Ibs. lighter... 
50% smaller . . . many times more durable and 
economical than wood. Soft to protect contents; 
so sturdy you can drop it without breaking. 





If you have a special package problem, per- best suited to your needs . . . complete die- 
haps Prolon Plastics can figure out the solution. making, molding, assembly. 

Our services include expert advice on perform- During World War II, Prolon Plastics was 
ance and characteristics of the various types a major producer of plastic parts . . . housings 
of plastics and the various methods of molding and noses . . . for the Proximity Fuse which 


. . . creating designs and selecting materials was rated second only to the Atomic Bomb in 


military importance. Our skilled craftsmen are 
currently turning out precision moldings to 
exacting tolerances! Our equipment and per- 
sonnel are available for defense work .. . 
immediately. 








ARE PLASTICS 
THE ANSWER TO 
YOUR PROBLEM? 


anata) 


TR RS ETHA ron civisan on Derense propucrion 


Whether your requirements are for defense 
or civilian production, a letter, a wire, or a 
telephone call will bring one of our planning 
engineers to your office. No obligation. 


PROLON PLASTICS, A DIVISION OF PRO-PHY-LAC-TIC BRUSH COMPANY, FLORENCE, MASS. 
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drive motor. Size of control spring determines torque 
limit. Couplings can be furnished in two sizes; torque for 
line ranges from 10 to 2000 Ib-in. Anchor Steel & Conveyor 
Co., 6906 Kingsley Ave., Dearborn, Mich. 


For further information, circle No. 6 on Reader Inquiry Facility, page 169 


LEVER KEY SWITCH 


Heavy duty Model 1 
multicircuit switching de- 
vice with up to 48 springs 
provides a wide variety of 
circuit switching combina- 
tions. Lever-handle cam 
has two rollers which actuate the contact spring pile- 
ups. Actuating handle can have two or three postions, 
either locking or momentary. Silver contacts are mounted 
on nickel-silver springs. Three contact sizes: 4%, 46 and %- 
in. diam rated at 3, 5 and 10 amp 115 volts a-c respectively. 
Frame is hard brass, cam axle and roller axle are of stain- 
less steel, and actuating rollers are phenolic. Cam and 
other structural parts are nickel-plated hard brass. Key 
weighs less than % lb and requires only 2%e6 in. behind 
panel. Four tapped mounting holes for 3-48 machine screws 
provide for mounting on panels up to % in. thick. Standard 
handle color is black, but other colors are available. Circuit 
Controls Co., 3201 Peoria St., Steger, II. 
For further information, circle No. 7 on Reader Inquiry Facility, page 16 


400-CYCLE INDUCTION MOTOR 


Designed for driving a 3-in. diam fan blade continuously, 
Model J49D-16 motor uses glass-fiber insulated wire, 
silicone impregnation and special grease which insures 
satisfactory operation at extremely high temperatures. 
Motor is designed to meet all important JAN specifications 
and can be treated to meet AAF humidity specification 


41065B Method 31. Operates from a 3-phase, 200-volt, 
400-cycle source and is rated at %o hp, 0.25 amp, 10,000 
rpm. ‘Motor is totally enclosed, weighs 10 oz and measures 
1% in. diamx1% in. long. Eastern Air Devices, Inc., 
130 Flatbush Ave., Brooklyn 17, N. Y. 


For further information, circle No. 8 on Reader Inquiry Facility, page 169 


RIGID POLYVINYL CHLORIDE 


High molecular weight unplasticized polyvinyl chloride 
resin, ‘Geon 404, has excellent electrical and physical prop- 
erties as compared with manufacturer’s plasticized vinyls. 
Insulation resistance is 20,000 to 35,000 megohms per 1000 
ft. at 50 C for %2-in. thickness as compared with 50-100 
megohms per 1000 ft for standard vinyls. Abrasion resist- 
ance, measured as weight loss using a Taber Abrader with 
a 60 D2R wheel revolving at 5000 rpm., is 0.085 gm; 
standard vinyls lose 0.25 gm. Values of other properties 
have also been increased: dielectric strength is 800-1000 
vpm for %2 in. thick material in water at 25 C; power factor 
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for 1 ke is 0.15 to 0.02 at 25 C; and tensile strength is 6500- 
8500 psi. Material can be extruded, calendered or molded. 
Sheets, rods and tubing in a wide range of diameters are 
available, but furnished in limited quantities only for de- 
velopment of military and other essential applications. 
Material can be furnished in many colors, either opaque or 
translucent. Dept. GE-2, B. F. Goodrich Chemical Co., 
Rose Bldg., Cleveland 15. 


For further information, circle No. 9 on Reader Inquiry Facility, page 169 


PULSE TRANSFORMER 


Line of low-power pulse 
transformers is applicable in 
triggering and counting cir- 
cuits, blocking oscillators, 
d-c isolation, inversion, pulse 
shaping and pulse transmis- 
sion circuits. Specifications : 
turns ratios of 1:1, 1:3 and 
1:30; impedance ratios of 
1000:1000, 100:1000 and 
20:18000; rise time, 0.05 
microsec max; fall-off time, 0.05 microsec; and pulse dura- 
tion, 0.1 to 0.5 microsec. Transformers have moisture- 
proof coils and a mica-filled thermosetting plastics enclo- 
sure; dimensions are 1x 1%46x1% in. Tapped mounting 
holes are provided for 6-32 screws. Engineering Research 
Associates, Inc., 1902 W. Minnehaha Ave., St. Paul, W4, 
Minn. 


For further information, circle No. 10 on Reader Inquiry Facility, page 169 


MIDGET TIME DELAY 


Complete time-delay unit with take-over relay and com- 
pensator for extreme ambient temperature gradients is con- 
tained in a 2-cu in. hermetically sealed metal container; 
weight is only 2% oz. Enclosure measures 14 x 1% x e 
in. Unit can be set xt factory to operate for any time 
delay from 3 to 15 sec + 10 per cent. Current-carrying 


capacity of relay is 5 amp d-c inductive. Leads are brought 


out through glass-invar terminals. When required, relay 
can be adapted to control purposes by replacing contact pile 
with two SPDT snap-action limit switches rated at 2 amp 
28 volt d-c inductive. Units can be furnished without 
enclosure. Cook Electric Co., 2700 Southport Ave., Chi- 
cago 14. 


For further information, circle No. 11 on Reader Inquiry Facility, page 169 


DISK CAPACITORS 


Ceramic capacitors for coupling and bypass applications 
are available with ratings from 2 to 300 mmf 600 volts d-c 
working; temperature coefficient ranges from + 100 ppm 
per deg C for low capacities to —2500 ppm per deg C 
for high capacities. All conform to RMA specification 
for Class 1 ceramic capacitors. Available with tolerances 
of +5, +10 and + 20 per cent. Power factor is less 
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Oly 


RECTIFIERS 
essential... 





Soe 


AeTNS) OE Re oR ty meme: 


gee 


~. On elevators, too! 


Fansteel 


Elevator manufacturers, like many other industries and utilities, turn to 
Fansteel for dependable Selenium Rectifiers. In elevators, rectifiers perform 
the important task of operating doors and brakes. In buildings which have 
been converted from d-c to a-c, rectifiers supply power to operate existing d-c 
elevator motors, controls and accessories. 


Fansteel’s long-standing reputation for engineering and building better recti- 
fier equipment is known the world over. The name ‘‘Fansteel”’ is truly a mark 
of integrity, and gives the products you manufacture that added distinc- 
tion of quality and saleability. For consultation on rectifiers and d-c power 
applications, Fansteel engineers are at your service. Fansteel Metallurgical 
Corporation, North Chicago, Illinois, U.S.A. 


Ka ns te el. ° 
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HIGH HEAT 


MICA PLATE 


for DOMESTIC ELECTRIC APPLIANCES 

e A composite, Inorganic-bonded highly-integrated mica insulat- 

ing material built-up from mica splittings, and approximating 

raw mica in all physical properties. 

Completely inorganic, odorless, and smokeless. 

High mechanical strength and integration. 

High dielectric strength. 

High durability and moisture resistance. 

Resistant to temperatures up to redness without change. 

Does not react chemically with resistor materials. 

Unaffected by oils or organic solvents. 

Available in large sheets or full-size punchings. 

Can be stamped cleanly to specified design. 

Engineering service available to help solve your insulating 

problems. Test samples and complete information on request. 

NEW ENGLAND MICA COMPANY 
Incorporated 

30 WOERD AVE., WALTHAM. MASSACHUSETTS 


The Swing 
is to 


Durakool 
a dependable 


10 YEAR SWITCH 


Steel-clad with mercury to mercury con- 
tacts, the Durakool hydrogen filled switch 
is performing with sensational dependability. 


% Millions of contacts without a falter 
% Positive “Make and Break’ contact 
action 
% Withstands high temperatures 
% No deterioration in storage 
%e Seven new models—I to 65 
amperes 
% Smaller in size, increased ca- 


Ba'ath (ili), 


MERCURY SWITCHES 


See Telephone Directory for Local Distributor 


or write 


Durakool, Inc. Elkhart, Indiane 


than 0.1 per cent at 1 mc. Capacitors are insulated with 
a phenolic coating and then vacuum waxed; initial leakage 
resistance is 5000 megohms, 1000 meghoms after humidity 
test. Leads are No. 22 tinned copper; body diameters are 
4, 4e and % in. depending upon rating. Radio Materials 
Corp.; 1708 Belmont Ave., Chicago 13. 


For further information, circle No. 12 on Reader Inquiry Facility, page 169 


LAMINATED PLASTICS 
Consisting of a coarse-weave fabric base impregnated 
with a modified diallyl phthalate resin, Z-80 laminated 
plastics is particularly applicable for 60-cycle applications. 


Shear strength (ASTM D 732-46), psi 
Tensile strength, psi 
Flexural strength, flatwise, psi 
Compressive strength, flatwise, psi 
Impact, Izod, lb-ft per in. of notch 
flatwise 1.5 
edgewise 1.0 
Water absorption, 1% in., per cent 0.6 
Dielectric strength, vpm 
short time 400. 
step-by-step 
Power factor at 60 cps 
Dielectric constant at 60 cps 


14,000. 
11,000. 
20,000. 
40,000. 


Material has high arc resistance, good dimensional stability 
and low power loss at 60 cycles. Specific gravity is 1.38. 
Available in sheet form from %2 to 1 in. thick, natural 
color and semigloss finish. The Formica Co., 4614 Spring 
Grove Ave., Cincinnati 32, Ohio. 

For further information, circle No. 13 on Reader Inquiry Facility, page 169 


MOTOR STARTER 


Class 10-100-S1 motor starter 
starts, stops and provides overload 
protection for motors with ratings 
up to 7% hp 600 volts polyphase, 5 
hp 600 volts single phase and 1% 
hp 220 volts d-c. Self-indicating 
handle and interlocked cover pre- 
vent opening unless starter is off, 
and a safety latch locks starter off 
during servicing. Motor starter has 
a quick-make, quick-break, over- 
center toggle mechanism and a 
bimetal thermal-overload _ relay. 
Straight-through wiring is designed 
to facilitate installation and servicing. Bonderized enclo- 
sures. Westinghouse Electric Corp., P. O. Box 2099, 
Pittsburgh 30. 


For further information, circle No. 14 on Reader Inquiry Facility, page 169 


RADIO TIMER 


Designed specifically for 
radio and TV _ receivers, 
timer automatically turns 
receiver on at any preset 
time. Additional features 
include: a reminder bell that 
rings 10 min after timer 
turns receiver on, a turn-off 
control which can be set to 
turn receiver off automatic- 
ally at any preset time up 
to 90 min, and a_ switch 

which turns receiver off 114 to 2 hr after timer in the 
event that turn-off control has not been set. Timers can 


ELECTRICAL MANUFACTURING 





Metal Enclosed Isolated Phase Bus structures built for Consolidated Edison 
Co. by Railway and Industrial Engineering Co., Greensburg, Pa., for high 
voltage, high capacity, call for high reliability in service, a minimum of 
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maintenance and a compact yet flexible 
arrangement. Each system is designed for 
its specific installation, and completely 
fabricated at the factory for final assembly 
on the job. 


Component parts and materials must be 
of top quality. Conductors are taped with 
Natvar varnished bias tape because of 
its uniformly good electrical and physical 
properties. 


Natvar flexible insulation is available 
either from your wholesaler’s stocks or 
direct from our own. 


Progressive views of procedure in 
taping a 2000 Ampere conductor 
for switch terminal and expansion 
joint in Consolidated Edison's 
Jamaica station: 


Partly taped section of conductor 
held by insulator ring support. 


Taping shield installed over 
flexible connection, ready for 
final taping. 


Taping completed. Bus is now 
ready for metal enclosure. 


HE NAL VARNISHED PRODUCTS 


Telephone Cable Address 
Rahway 7-8800 NATVAR: Rahway, N. J. 


WOODBRIDGE, NEW JERSEY 





DO YOU KNOW? 


—that ao PILOT LIGHT 
CAN IMPROVE YOUR PRODUCT 


. « -add attraction—safety—service ? 


— what lamp to use 
— how fo use it 

— what it will do 
— what it will cost 


THIS MAY BE THE ONE 
Designed for low cost NE-51 Neon 
@ Built-in Resistor @ Patented 


@ U/L Listed 


@ Rugged 


Catalogue Number 521308 — 997 


for 110 or 220 volts, 
SAMPLES 


for design purpose 


NO CHARGE 


NEW! Write for the 
»s "HANDBOOK OF PILOT LIGHTS.” 


Write us on your design problems. 


Foremost Manufacturer of Pilot Lights 


The DIAL LIGHT COMPANY 


of AMERICA 
900 BROADWAY, NEW YORK 3, N. Y. 


Greater ARC RESISTANCE 


(Another of a Series) 


TET URL: 
FT ULE 


Teme ane 
LINCOLN WELDER 


eae ttle Abra 


Frequent d-c Arcing 
No Problem with 


his switch is thrown un- 

der full load current on 
Lincoln Electric’s 120 volt 
d-c arc-welding generator. 
Very substantial arcing is in- 
evitable at the contactor ele- 
ments, which are riveted to 
the flat insulation surface. 
Ordinary phenolic insula- 
tion, which is subject to car- 
bon tracking, would quickly 
disintegrate under this di- 


(Photo courtesy Lincoln Electric Co.) 


GLASTIC insulation 


rect attack. Glass-melamine 
material for this purpose 
would have been costly. 


GLASTIC was the answer. 
GLASTIC’s high resistance 
to carbon tracking, its elec- 
trical and mechanical sta- 
bility, its workability—made 
it the ideal material for such 
rugged usage. 


Moreover, GLASTIC costs 
considerably less! 


You, too, have applications for sheet GLASTIC. 


Write for booklet on 


specific property data. 


“ode by LAMINATED PLASTICS, INC. 


1823 East 40th St. Cle 


veland. Ohio 


| be furnished with switches rated at either 10 or 15 amp, 


115 volts a-c. Models available with front or rear con- 
trols, round or square bezels and etched or screened nu- 
merals in any color. Luminous dial markings can also be 
supplied. Dial styling to specifications. Timer Div., Ses- 
sions Clock Co., Forestville, Conn. 

For further information, circle No. 15 on Reader Inquiry Facility 


page 169 


DIAL COUNTER 


Number of operations to be counted is set by rotating 
dials in the Dialomatic counter. Number of operations yet 
to run is indicated at all times. When counter returns to 
zero, a switch with NO or NC contacts can be used to 
automatically stop the controlled operation. Counts can be 


| ° . . 
| set quickly and corrections or changes can be made while 


the counter is in operation. Counter resets itself to zero 
after each count is completed. Available in two models: 
three-dial unit for counting up to 999, and four-dial unit 
which will count to 9999. Markem Machine Co., Keene 
29, N. H. 

For further information, circle No. 16 on Reader Inquiry Facility, page 169 


HOOK-UP WIRE 


High temperature Synthinol 901 hook-up wire is insu- 
lated with a thermoplastics compound and then covered 
with a nylon sheath or lacquered braid; insulation thick- 
ness is 8 mils. Wire is UL-approved for continuous oper- 
ation at 90 C. Available in solid wire from No. 24 to No. 
20 AWG and in stranded from No. 24 AWG 7/0.0079 to 
No. 16 AWG 26/0.010. Wide range of insulation colors. 
Rome Cable Corp., Dept. EM-3, Rome, N. Y. 
For further information, circle No. 17 on Reader Inquiry Facility, page 169 


MOTOR-DRIVEN INDUCTION GENERATOR 


For use in servomechanisms and instrumentation applica: 
tions, Type 1623 motor-driven induction generator weighs 
only 4.2 oz. Unit combines, in a single frame, and on a 


oh none acral Ms Anse Sty 


single shaft a motor with a high torque-to-inertia ratio and 
a generator in which voltage varies linearly with speed. 
Motor has maximum torque at stall, is smooth running and 
fast reversing. Operates from a 2-phase source, or from 
single-phase. with a phase-shifting capacitor; available for 
60- or 400-cycle 26-volt power supply. Characteristics of 
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AND NOW 


% Greatly Increased Range of 
Resistance 


% Temperature Coefficient as 
low as 20 Parts Per Million Per 
Degree C 


% Increased Stability 


% Lower Noise Level 


Attention All Electronic Engineers 


We are in production on the most advanced development 
in the history of resistors. It is the BORO-CARBOFILM 
RESISTOR. After over two years of intensive laboratory 
work the introduction of Boron in the making of Deposited 
Carbon Resistors has been perfected. 

The result of this new development assures greatly in- 
creased range of resistance, temperature coefficient as 
low as 20 parts per million per degree C, greater stability 
and lower noise level. 


What This Means to You 


Briefly, this makes it possible for you to use the new, much 
improved BORO-CARBOFILM RESISTOR in place of larger 
and more costly wire-wound types. It also provides access 
to resistance ranges heretofore impossible to attain in 
film-type resistors. With their low temperature coefficient 
and small aging you will find wide-spread use for these 
new resistors in communications and nearly all types of 
electronic applications. Remember the name ‘‘BORO- 
CARBOFILM"’. Available in 44, 3, Y2, 1 and 2-watt sizes. 

In writing, kindly give your requirements in sizes 
and volume. 

BORO-CARBOFILM RESISTORS are made under license 
arrangement with Western Electric Co., Inc. 


WILKOR PRODUCTS, INC. 


2882 Detroit Avenue «- Cleveland 13, Ohio 











generator are low residual voltage and constant frequency 
output. Generator output is 0.34 volts per 1000 rpm. 
Normal speed is 6500 rpm. Reversing time is 0.11 sec. 
To withstand high temperature and high humidity, housing 
is stainless steel and the shaft is hardened beryllium copper, 
laminations are corrosion-resistant nickel steel and ball 
bearings are stainless. Housing is 1%2 in. diam x 2%g4 in. 
long. Kollsman Instrument Corp., 80-08 45th Ave., Elm- 
hurst, N. Y. 


For further information, circle No. 18 on Reader Inquiry Facility, page 169 

















STUDYING OVER 
SPRINGS? 


We can help! 



























VIBRATION ISOLATORS 


Designed for use with miniaturized equipment, Series 
6465 shock and vibration isolators employ air damping. 
Steel springs with nonlinear characteristics assure sub- 
stantially constant resonant frequency throughout a 2:1 load 
range. Load ratings of mounts are 0.1 to 3.0 lb. Mounts are 
1 in. diam and 1% in. high under maximum rated load. 











y 


\ a \ 
‘ fit —S , r , 
ae FE 9) , 


BS 
= 
a 








Attachment stud has an axial hole 14 in. deep, tapped with 
| 6-32 thread. Two mounting styles are available, both with 
| a base flange. Type 6465 has two mounting holes on 1%s- 
in, centers and type 6690 has four mounting holes on 1-in. 
centers. Shells are aluminum and air chamber and snub- 
bers are rubber. Weight is only 4% oz. Recommended 
operating temperatures from —65 to 170 F. The Barry 
Corp., 179 Sidney St., Cambridge 39, Mass. 



























No need for your designers and engi- 
neers to spend their valuable time on 
problems involving springs. Have us 
figure it out. That's our business. 












For further information, circle No. 19 on Reader Inquiry Facility, page 169 














PILLOW BLOCKS, FLANGED CARTRIDGES 


Stock line of self-aligning, 
ball bearing pillow blocks 
and flanged cartridges are 
available for shaft diameters 
from % to 1% in. Units 

| have a labyrinth seal which 
provides the correct amount 
of lubricant, yet permits ex- 
cess grease to escape under 
pressure. Outer race of ball 
bearing has a spherical out- 
side diameter which permits 
bearing alignment in the one-piece cast-iron housing. Bear- 
ing is supported around entire circumference, assuring 4 
| solid mounting in any position, Boston Gear Works, 
Hancock & Hayward Sts., North Quincy, Mass. 


For further information, circle No. 20 on Reader Inquiry Facility, page 169 


Our specialists can help with your 
design and experimental work. ..make 
a few springs for tryout. Then we'll pro- 
duce your perfect springs on fast, auto- 
matic equipment for low cost, volume 
production. Specifications already es- 
tablished? Then we'll make them for you 
economically, dependably —to exact 
specifications. Your inquiries invited. 


































MANGANESE ALLOY 


Age-hardenable manganese alloys 715 and 720, of 
manganese, nickel and copper, have high elastic limit and 
strength which makes them useful for springs, diaphragms, 
clips and small intricate parts. Alloys may be used where 
temperatures are under 400 F or up to 900 F for short 
exposures. Recommended temperature range for age 
hardening is 650 to 750 F for 715 alloy and 700 to 750 F 
for 720 alloy; aging time is from 4 to 16 hr. Age harden- 


















TELEPHONE BERKSHIRE 7-6464 
2100 N. Major Ave. * Chicago 39, Ill. 
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For the attention of 
al concerned With 

the Procuremen} — 
and Production—of 
war materiel]! 


THEY DID IT BEFORE 


AND THEY CAN DO IT AGAIN! 


In view of the national emergency, casting company regarding the adapt- 
the above message — published in the ability of this high speed production 
form of an advertisement in 1944 — method for the metal components of 
deserves re-reading. The country’s die any product supplied to our Armed 
casting industry stands ready to shoul- Forces. 
der its full share of the task of meeting 


the needs of our expanding Armed The New Jersey Zinc Company 
Forces. 160 Front St., New York 38, N. Y. 


It was clearly demonstrated in 
World War II that this industry has the le Ai » r 
know-how, the equipment and the in- q 
itiative to convert rapidly from civilian i ® 


al at . 
to war production. Consult with any die ee 


HORSE HEAD SPECIAL (unitcrm cucity) ZINC 
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Rushing “DO” Orders Through 


KUHN & JACOB 


ie * iiss 4 Te, 


One corner of the extensive 
mold-making department. 


TRACE MARK 


Experience and skill combine to produce 
plastic molding of uniform excellence at 
KUHN & JACOB. Not only are the principals 
personally familiar with all phases of the 
business, but in the early days of the company 
some actually produced the molds themselves. 
Because of their intimate knowledge of the 
processes of production, there is the closest 
co-operation between the drafting room, the 
mold-making shop and the moldinz division. 

This assures complete satisfaction for K. & J. 
customers at all times. 


Kuhn & Jacob 


1204 SOUTHARD STREET, TRENTON 8, N. J. 
Telephone Trenton 4-5391 


5. C. Ullman, 55 W. 42nd St., New York, N. Y. 


CONTACT THE 
Telephone — Penn 6-0346 


K& J 


REPRESENTATIVE 
NEAREST YOU 


Wm. T. Wyler, Box 126, Stratford, Conn. 
Telephone — Bridgeport 7-4293 


Wm, A. Chalverus, 
Philadelphia, Penna. 
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ing response of cold-worked material is faster. With parts 
subject to severe deformation in use, it is advisable to 
harden to a value below 325 Vickers. Alloys can be readily 
soldered or brazed. Both alloys are available in either 
solid form or as composite metals in the form of sheet 


Rollability, reduction, per cent 
Electrical conductivity, 1.A.C.S., mhos 
Density at 20 C, gm per cu cm 
Linear coefficient of expansion, 75 to 200 C, 
Electrical resistivity at 20 C, 

ohm per cir mil ft 300-500. 
Torsional modulus, psi x 10° 6.7-7.1 
Modulus of elasticity, psi x 105 18-21. 
Tensile strength, psi 
66,000—133,000 
88,000-175,590. 


425. 


alloy 715 
alloy 720 
Hardness, Vickers 200 


foil, 0.0005 to 0.001 in.; sheet, 
0.001 to 0.250 in.; and bar, 0.25 to 1 in. Widths up to 4 
in. are standard but other widths can be furnished. Wire 
and tubing are made to specification. General Plate Div., 
Metals & Controls Corp., 403 Forest St., Attleboro, Mass. 

mat No. 21 page 169 


wire and tubing. Sizes: 


For further information, circle Reader Inquiry Facility 


SMALL A-C MOTORS 
For instrument and special applications where conven- 
tional motors are not applicable, line of small a-c motors 
are designed around a stepped series of five lamination 
diameters: 1, 1'%e, 236, 346 and 45@ in. Motors are for 
400-cycle and higher frequencies, or for constant-speed 
operation with variable-frequency supplies. Cam also be 


supplied for frequencies down to 50 cycles. Motors sup- 
plied with 2, 4, 6 or 8 poles and wound for operation on 
voltages up to 550 volts 1, 2 or 3 phase. Ratings range 
up to 1 hp. Flange mounting by 3 or 4 tapped holes. All 
models available with or without cooling fan. Shaft diam- 
eter and extension to specification. The Hertner Electric 
Co., 12690 Elmwood Ave., N. W., Cleveland 11. 


r further information, circle No. 22 on Reader Inquiry Facility, page 169 


DOUBLE TRIODE 


Type 6BL7GT double-triode receiving tube is designed 
for use in wide-angle vertical deflection systems in large TV 
picture tubes. However, tube also can be used for cathode- 
follower applications. When used as an amplifier, each 
triode section will deliver a 5-volt signal into a 75-ohm 
coaxial cable. Also performs well as two medium-powerf 
output triodes in cathode-type push-pull amplifiers where 
high fidelity output and compactness are desired. Charac- 
teristics: heater voltage, 6.3 volts a-c or d-c; heater cur- 
rent, 1.5 amp; plate voltage, 450 volts; approximate grid- 
input voltage, 36 volts peak-to-peak sawtooth component, 
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THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA 


Performance -Proved in active duty 


For civilian and military electronic designs ... RCA preferred-type 


receiving tubes offer these important advantages... 


FLEXIBILITY— RCA preferred-type re- 
ceiving tubes are chosen for the advan- 
tages they offer from engineering and 
equipment production viewpoints. 
They cover an extremely wide variety 
of tube applications in civilian and mil- 
itary equipment...and offer the engi- 
neer flexibility in circuit design. 


PERFORMANCE— These types have 
demonstrated their reliability in equip- 


RADIO 


ELECTRON 


ment of widely divergent designs. 
Proved in service, they are the logical 
types for future designs. 


ECONOMY — This group of 44 tube 
types represents more than half of 
RCA’s current receiving tube volume. 
By concentrating production on these 
few types having wide application, sub- 
stantial savings are realized in manufac- 
turing costs which are passed on to 


customers . . . and quality and perform- 
ance capability are sustained at a high 
level. 


STANDARDIZATION— By concentrat- 
ing on RCA preferred receiving-tube 
types, the equipment manufacturer also 
benefits by his ability to standardize on 
component parts . . . resulting in sub- 
stantial purchasing and stocking econ- 
omies. 


CORPORATION of AMERICA 


TUBES 


HARRISON, MN. J. 








Aneto surface of Pheoll Brass Washers 
eects aoe ing power when used with machine 


Large Pattern and the Small Pattern which fit screw 
sizes from No. 0 to No. 24 and bolt sizes from e”’ 
to 1%". Large Pattern brass washers have large 
outside diameters and extra thickness. Small Pat- 
tern washers have smaller o.d. and are proportion- 
ately less in thickness. 

All brass washers are made to accurate gage, 
with holes centered and dimensions held to close 
tolerances. Washers are blanked from special 
brass stock, and are flat and free from burrs. They 
are economical to use and offer many advantages 
over ordinary steel washers. Check now with Pheoll 
to learn of these advantages. 

RON: Saas Washer Sems are avail- 
able if Special open copper 
and ploted wa washers to ord 


ca 


Suedh te WARKTIME 3100 
OM ITCH cmc eal 


For every industrial use adaptable to a spring-driven switch, 
the NEW Mark-Time “9100” Series Industrial Switch offers 
maximum utility at an amazingly low cost. 

The rugged, Mark-Time spring-operated mechanism, free from 
power variations, is set and wound in one operation. Model 
giving audible bell signal is available on request. 

Adaptable to timings up to five hours. 

Write for further details and prices. 


M. H. RHODES, INC. 


Dependable Timing Devices 
30 BARTHOLOMEW AVE., HARTFORD 6, CONNECTICUT 


ee oa ee Hughes Ower eee ee tL 


and 44 volts negative peaking component; plate current, 


11 ma d-c; and plate output voltage, 270 volts peak-to-peak 
sawtooth component, and 600 volts peak positive-pulse com- 
ponent. Radio Tube Div., Sylvania Electric Products Inc, 
1740 gin New York 19. 

For furth nformation, circle No. 23 on Reader Inquiry Facility, page 169 


GEARMOTOR, REMOTE CONTROL 
Single-reduction, totally enclosed gearmotor, Type 
FWEA, can be furnished with any of the six standard 
\GMA speeds from 280 to 780 rpm. Motor has labyrinth 


seals and heavy duty prelubricated ball bearings. Can be 
mounted in any position without modification. 

Mechanical remote control unit is also available for 
manufacturer’s line of variable-speed drives. Linkage be- 
tween control and drive can be either flexible cable, ex- 
tended rod with universal joint or bevel gears, or chain 
and sprocket. Remote speed indicator with handwheel can 
also be supplied. Drives furnished in sizes from % to 25 
hp with 2:1, 3:1 or 4:1 speed variations; speed range from 
26 to 2000 rpm. Sterling Electric Motors, Inc., 5401 Ana- 
heim-Telegraph Rd., Los Angeles 22. 

r further information, circle No. 24 on Reader Inquiry Facility, page 169 


VARIABLE CAPACITORS 


Piston-type pets trim- 
mer capacitor pre@vides small 
capacities need@d for ad- 
justments in elfigtronic cir- 
cuits. Tubular in design, 
capacitance is directly pro- 
portional to rotation. Unit 
is only 1 in. long. Features 

include: approximately zero temperature coefficient; “Q” 
rating of over 1000 at 1 mc; 55 to 100 C operating tem- 
perature ; 10,000 megohm insulation resistance ; and single- 
unit movable electrode and adjustment screw made of spe- 
cial alloy having low temperature coefficient of expansion. 
Ratings are 0.3-to-3, 0.5-to-5 and 1.5-to-11 mf measured 
at 0.1 to 1 me. JFD Manufacturing Co., Inc., 6101 6th 
Ave., Brooklyn 4, N. Y. 


r further information, circle No. 25 on Reader Inquiry 


VIBRATION ISOLATOR 


Type 9 Finnflex vi- 
bration isolator is ap- 
plicable to many types 
of machinery and equip- 
ment. Isolator consists 
of a steel channel float- 
ing in rubber between 
two steel angles used 
as bases. Angularity between steel parts and the rubber 
bonded to them enables the isolator to approximate “flat” 
spot on a stress-strain curve of relative slope. Because de- 
flection rate is not constant, resonance is avoided. Avail- 


Facility, page 169 
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For hard-to-label spots on hard-to-label surfaces a MysT1Ik 
Self-Stik LABEL is the answer. Save time, speed produc- 
tion, cut costs with this fast, modern method for hand 
labeling. No moisture... just press on. Flexible, high 
stretch for complex surfaces. Water and moisture resistant 
... washable. Resistant to scuffing and delamination. Can 
be beautifully printed in all colors, die-cut to all shapes 
and sizes. Send us your label problems for a Mystik 
answer. Chicago Show Printing Co., 2628 N. Kildare, 
Chicago 39; 400 Madison Ave., New York. 


Identify and price parts Aluminum foil label Trade mark label for Informative label for 
with MYSTIK Labels. for furniture product. vacuum ware. plastic table top. 
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ELECTRIC 
HOISTS 


get Dependable Power 


Over a period of years Doerr 

Motors have been the reliable 

power source for Harnischfeger 

Corporation’s well known Zip- 

Lift electric hoist—an outstand- 

ing materials handling tool that 
increases production, and saves time and labor in indus- 
tries throughout the country. 


Doerr Motors, built by Electro Machines, Inc., are used 
as standard equipment by many of the foremost machin- 
ery manufacturers. The advantages of using these motors 
deserve your investigation. 


If you have 
a particular motor problem 
please let us hear from yeu. 


*TRADE MARK 


NORTH THIRD STREET 


FROM 1/20 
to 2 H.P. 


ELECTRO 


MACHINES, INC. 


Standard or De- 
signed to Your 
Specifications 


142 


able in any length up to 18 in. for loads from 40 to 105 
lb per inch of length at 4% in. deflection. Finn & Co., 2850 
8th Ave., New York 30. 


For further information, circle No. 26 on Reader Inquiry Facility, page 169 


MINATURE INSULATORS 


Terminal lugs, stand-offs and feed-throughs, Series 1400 
conform to JAN P14 specifications. Insulation is either 
melamine or phenolic. Use of molded construction instead 
of preformed tubular plastic is said to eliminate internal 


= 

oS 
. - 
air gaps which act as moisture traps. Also units stay solid 
and tight under all normal heat and vibration conditions. 
Wide variety of sizes and shapes. All stand-off insulators 
have a 6-32 threaded stud. U. S. Engineering Co., 521 


Commercial St., Glendale 3, Calif. 
r further information, circle No. 27 on Reader, Inquiry 
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CLUTCH AND BRAKE UNIT 


Air-powered friction clutch and brake unit for medium 
and heavy machinery is controlled by a solenoid-operated 
valve. Actuating mechanism is designed to withdraw lin- 
ings from contact with disks and eliminate drag. Clutch 
and brake cannot be engaged simultaneously. Brake is 
operated by preloaded springs and, in event of air supply 
or electric power failure, clutch is released and brake is 


set automatically. Molded brake linings are used, either 
%6 or 3s in. thick depending upon rating. Ten standard sizes 
are available with torque ratings ranging from 12,500 to 
350,000 Ib-in.; sizes range from 15 to 44 in. diam. Single 
clutch and single brake units rated at twice the torque are 
available in same sizes. Normal operating air pressure for 
combination clutch and brake units is 65 psi; for single 
units, 80 psi. Power Presses, Inc., Penton Bldg., Cleveland. 
For further information, circle No. 28 on Reader Inquiry Facility, page 169 


SILICONE RUBBER O-RINGS 


Molded from a mixture of silicone rubbers, O-rings are 
said to be more resistant to deformation under compression 
than either natural or other synthetic rubbers and also re- 
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Faced with a wiring problem? Riverside wiring specialists 
welcome the opportunity to work it out for you, if you'll 
just send us your specifications or “blues.” We maintain our 
own engineering organization for this purpose alone. 


The harness assembly shown above is one of our recent 
jobs made to rigid aircraft specifications. We are set up to 
make similar types of harness for communication equip- 
ment, tanks and trucks. 


Whether your wiring problem involves rigid military 
specifications or is a cost reduction problem on a commercial 
product, Riverside will do its utmost to find the right 
answers. 


Accessory wiring equipment such as molded rubber caps, 
strain reliefs, junction boxes and switches are also avail- 
able to meet your needs. 


FOR QUALITY, COST AND DELIVERY 
SEND BLUE PRINTS OR SAMPLES FOR AN EARLY ESTIMATE 


RIVERSIDE ELECTRICAL MANUFACTURING COMPANY 


Wiring Harness and Assemblies ; Cord Sets Extension Cords 
Electric Switches Heater Cords 


10221 MICHIGAN AVENUE DEARBORN, MICHIGAN 
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tain flexibility at temperatures of —65 F. Properties: 
tensile strength, 500 psi; percentage elongation at break, 
80 per cent; Az Shore hardness, 70-75; swell in fluorocar- 
bons, Aroclors and petroleum oil, 6 per cent; compression 
set, 33 per cent at 300 F by ASTM 395-46T Method B. 
Sizes range from %$2 to 2% in. ID with widths from 0.060 
to 0.070 in. Frederick S. Bacon Labs., 192 Pleasant St., 
Watertown 72, Mass. 

r further information, circle No. 29 on Re 


FHP SPEED REDUCER 

For applications in the 4 
to 1 hp range, Model 5-E, 
speed reducer is suitable for 
straight-line installations in 
which the input speed does 
not exceed 1800 rpm. Max- 
imum torque capacity is 
1000-Ib-in. Antifriction ball 
bearings used throughout. 
Universal Gear Corp., 19th 
and Martindale Ave., In- 


DANO COILS eoepie7, Tet can 
a sweet Maite my aH MIDGET BUZZER 


Medium-intensity audible-tone 
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buzzer, Model 1702-0, has an 


¢ 
| 
4 
” 
q 

overall size of 1%x1kKx% 

in. and weighs 1 ™% oz. Mount- 

ing lugs are provided. Buzzer 





operates on from 6 to 48 volts 
d-c or a-c as specified. Equipped 
with phosphor-bronze — springs 
and pure hard-drawn silver con- 
tacts. Variable volume and pitch 
are provided by double locking adjustments. Auth Electric 
Co., 34-20 45th St., Long Island City 1, N.Y. 


For further information, circle No. 31 on Reader Inquiry Facility 
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SELENIUM RECTIFIERS 

Today, with emphasis on uninterrupted produc- High-voltage rectifiers, type W-HS, either enclosed in 
tion, it’s vitally important to be sure of quality phenolic tubing or hermetically sealed in metal tubing can 
materials and parts. Smooth production demands be furnished with voltage ratings up to 25,000 volts and 
it. Dano is ready, as always, to supply you with 
top quality coils made to your exact specifica- 
tions . . . whether simple electrical windings or 
specially treated coils deeply impregnated with 
wax or varnish and cured in heat controlled ovens. 
To further insure perfect coil performance, Dano 
insists on rigid testing and inspection at all vital 
stages. Keep production running smoothly. Let 
Dano make your coils. 






current ratings up to 75 ma. Five cell sizes are available 














from \% to 1 in. diam with current ratings from 1.5 to 75 
ma respectively. Units have an operating temperature 
; range of —55 to 100 C. International Rectifier Corp., 6809 
Send us samples or specifications S. Victoria Ave., Los Angeles 43. 

with quantity requirements for our For further information, circle No. 32 on Reader Inquiry Facility, page 169 
recommendations. No obligation! 








TIME DELAY CONTROL 








wilh ene © Gabetite Sebbin Small control for solenoid- 
© Caper Santee © Cotton Interweave operated valves and _hy- 
> Sane Seam © Coils for High Temper- draulic cylinders has an ad- 
+ ine om cture Applications justable time delay from \y% 






to 10 sec; automatically re- 
sets after each actuation. 
Timing is varied by turning 
an adjustment screw. Valves 
and cylinders equipped with 
this time delay can be used to control dwell periods in spin- 


93 MAIN ST., WINSTED, CONN. ning, blanking, spot-facing, drilling, and tapping machines 


as well as process work, such as plastics printing, rubber 


ALSO, TRANSFORMERS MADE TO ORDER 











THE DANO ELECTRIC CO. 
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7 _ MAGNET WIRE _ 


Roebling Roevar retains its high dielectic strength 
under toughest service conditions 


AT RELATIVELY HIGH operating temperatures, 
Roebling Roevar Magnet Wire has extraordinary 
resistance to the embrittlement, cracking and loss 
of toughness that cause damage to ordinary insula- 
tions. And besides that, Roevar is absolutely tops 
for high speed winding. Its insulation is 10 to 40 
time more abrasion-resistant than conventional 
enamel . . . it bends and stretches to an exceptional 
degree without cracking or loosening from the con- 


ductor. It has a better space factor than wire with 
enamel and cotton, silk, cotton or paper insulation 
...and costs less, too! 

A large share of Roebling’s wide line of electrical 
wires and cables is required in the rearmament pro- 
gram, but we'll do our best to meet your require- 
ments. Write today for full information and samples 
of Roevar. John A. Roebling’s Sons Company, 
Trenton 2, New Jersey. 
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Clair Ave, N.E. * Denver, 4801 Jackson St * Houston, 6216 Navigation Blvd * Los Angeles, 216 S. Alameda St * New York, 19 Rector St * Odessa, 


Atlanta, 934 Avon Ave * Boston, 51 Sleeper St * Chicago, 5525 W. Roosevelt Rd * Cincinnati, 3253 Fredonia Ave * Cleveland, 701 St, 
Texas, 1920 E, 2nd St * Philadelphia, 230 Vine St * San Francisco, 1740 17th St * Seattle, 900 Ist Ave, $. * Tulsa, 321 N. Cheyenne St 
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and plastic curing, burnishing, coating, quenching, and 
dipping. Dimensions: 37% x 2% x 1% in. Pneu-Trol 
Devices, Inc., 1436 N. Keating, Chicago. 


For further information, circle No. 33 on Reader Inquiry Facility, page 169 


SPECIFY 


a 


MERCURY SWITCH 


Hermetically sealed mercury switch mounted on a lever- 
actuated armature can be furnished for either pushbutton or 
selector-knob operation. When button is pushed or knob 
turned, armature is inclined and mercury switch is actu- 


KED-TOP BTN 


SWITCHES 


ated. Switch is designed for vertical panel mounting and 

can have SPST or SPDT contacts rated at 10 amp 115 

volts. Pushbutton models have a spring-return button while 

e ; oo Z selector switch knob can be set in either on or off position. 
| CONFORMS TO ins — 4 : : _ cae a leek "al 7 

2 AN3217-1 i. ; Panalarm Products, Inc., 7218 N. Clark St., Chicago 26. 


For further information, circle No. 34 on Reader Inquiry Facility, page 169 


TRANSFORMER CANS 


Line of standard trans- 
former cans conforming to 
MIL-T-27 specifications are 
available in a range of sizes 
from % x % x 1% in. to 
5%6 x 4%6 x 6'%e in. Sup- 
plied with or without brack- 
ets, weld studs, blind in- 


of precision, snap-acting switches serts, compression-type her- 


conforming to AN specifications com- 
prises phenolic-cased and aluminum- 
cased units with many different 


metic-seal bushings and rat- 
ings stamped on cans. Heldor Metal Products Corp., 85 
Academy St., Belleville, N. J. 


actuating means, including leaf For further information, circle No. 35 on Reader Inquiry Facility, page 169 


actuators and a variety of over-travel SMALL ARMATURE WINDER 


spring plungers. 

Model 36 winder holds armature stationary during wind- 
Co ing operation. Wire is fed through a hollow spindle to a 
EASIER INSTALLATION revolving arm which winds wire in the slots; armature is 
- of aluminum-cased switches results 
from the Unimax side-opening de- & 
sign that lets you mount the case and = 
make all electrical connections with i 
the switch outside the housing. | 

i ~ oy 


CONVERSION LIST No. 105 shows AN num- 


bers and corresponding Uni- 
max numbers for switches 
listed in our latest catalog. 
Write today for your FREE 
copies of these data. 


automatically indexed. Machine can wind up to 1000 turns 
per min in either straight or skewed slots. Tight windings 
are obtained because of the uniform tension with which the 
wire is automatically guided and laid in the slots. Tension 
is adjustable to breaking strength of the wire. Setting up 


be 
QF UNIMAX SWITCH 


DIVISION OF THE W. L. MAXSON CORPORATION 


460 WEST 34th ST., NEW YORK 1,N.Y. 
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furnished by: 


























ALLIS-CHALMERS MANUFACTURING COMPANY 
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Continental Flectric Co, Inc. 
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ELECTRO DYNAMIC 


ELLIOTT COMPANY 
KURZ & ROOT COMPANY 
CLASS H* : 


MOTORS PROTECTED BY 
DOW CORNING SILICONES 


The Leland Electric Ca 


... the insulation that has already saved industry millions of main- 
tenance dollars plus the hourly output of hundreds of thousands me LOUIS ALLIS co. 
of men! oP 

This most timely announcement caps the test program we 
started 8 years ago when silicone resins were introduced by 
Dow Corning Corporation. First we proved by accelerated life 
testing that silicone insulated motors had a good 10 to 1 advantage 
in life expectancy and wet insulation resistance. Then we sold 
silicone (Class H) insulation to the manufacturers of electrical 
equipment ranging from lift truck and traction motors to solenoid 
and brake coils. We also encouraged the better rewind shops to 
rebuild hard working industrial motors with Class H insulation. 

Now we can proudly refer American industry to this goodly WESTINGHOUSE 
list of electrical manufacturers, all able and willing to supply ELECTRIC CORPORATION 
electric machines protected by Class H insulation made with 
Dow Corning Silicones. 

Take your special problems to the application engineer 


representing any of these companies or to our Product Develop- THE MASTER ELECTRIC COMPANY 
ment Engineers. is 


The Reliance Electric & Engineering Company 


THE B-A:WESCHE ELECTRIC COMPANY 





* "Class H” insulation is the kind of insulation 
that keeps motors running in spite of 
“Hell and High water.” (slanguage dictionary) 


DOW CORNING CORPORATION 


MIDLAND, MICHIGAN 





DOW CORNING 
) SILICONES , 
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Write for literature describing: 


1. Heavy Duty Engravograph (illustrated) Catalog H 44 
2. Portable Engravograph — Catalog IM 44 


NEW HERMES, Inc. “New vou 3 Ny 


World's Largest Manufacturer of Portable Engraving Machines 


LOW COST 
SMALL INDUCTION MOTOR 


For Applications Where Cost Is A Factor, 
THIS 2 POLE SHADED POLE MOTOR COMBINES 
HIGH EFFICIENCY AND SMALL SIZE WITH LOW COST 
TO PROVIDE AN IDEAL POWER SOURCE FOR: 


FANS 

BLOWERS 
HEATERS 
PHONOGRAPHS 
ELECTRIC TOYS 
TURNTABLES 
APPLIANCES 

F 


ILM 
PROJECTORS 
VENDING 
MACHINES 


GEAR TRAINS 
ETC. 


6 TO 240 VOLT AC 50 TO 60 CYCLE 
OPERATING SPEED 1200-3500 
1/400 - 1/40 HP 10 IN. OZ. MAX. TORQUE 
3/8 TO 1-5/16 STACK HEIGHT 
SEND US YOUR SPECIFICATIONS 
AND REQUIREMENTS 


SIZE: 23% x 2%. LAMINATION 
23% x 3% OVER COIL 
BEARING BRACKET PROJECTION 
¥g FOR CAST — 34 FOR STAMPED 
CHOICE OF 11 MTG. HOLES .145 DIA. 
.218” DIA. GROUND SHAFT — SELF ALIGNING 
POWDER METALLURGY BEARINGS 


Some Territories Still Open For Specialized Salesmen 


UNITED PRESSED PRODUCTS CO. 


741 W. Harrison St. Chicago 7, Ill. 
Phone MOnroe 6-2360 





for winding a different number of turns requires changing 
only one gear, with number of teeth corresponding to num- 
ber of turns. Machine and table occupy only 20 x 30 in. 
space. Geo. Stevens Mfg. Co., Inc., Pulaski Rd. at Peterson, 
Chicago 30. 


r further information, circle No. 36 on Reader Inquiry Facility, page 169 


IMMERSION WATER HEATER CONTROL 
Series 442 hot-water im- 
mersion thermostats with 
liquid-expansion thermal ele- 
ments provide close temper- 
ature control for water- 
heating systems. Operating 
range from 75 to 225 F; 
differential is adjustable 
from 7 to 38 deg F. Unit is 
available with SPST, NO or NC and SPDT contacts. 
Ratings: % hp 115 volts and 34 hp 230 volts a-c or d-c; 
13.9 amp 115 volts and 6.9 amp 230 volts a-c noninductive ; 
125 va a-c, and 57.5 va d-c pilot service. Overall dimensions 
are 7% x 364 x 464 in. Penn Electric Switch Co., 
Goshen, Indiana. 
For further information, circle No. 37 on Reader Inquiry Facility 


HEAT-RESISTANT GASKETS 


Fabricated from Teflon, for applications requiring good 
heat and chemical resistance. Available as solid gaskets and 
also with seamless, one-piece machined jacket. Gaskets 
are furnished in hard, medium and soft grades suitable for 


ei 
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mm” © a 


ee 


all metal and nonmetallic flanges, and are produced in all 
sizes from % to 6 in. ID, inclusive, for ASA or special 
flanges. Chicago Gasket Co., 1275 W. North Ave., Chi- 
cago 22. 


further information, circle No. 38 on Reader Inquiry Facility, page 169 


SNAP-ON BEADING 


Stainless snap-on beading 
conceals raw edges of prod- 
ucts made of plastic, wood, 
leather, metal and_ other 
materials. Small toothed 
clips are placed at intervals 
along edge with a hand tool, 
and molding snaps _ over 
these with a permanent grip- 

ping action, completely concealing clips. Available in 
3g in. diam for edges 0.100 in. thick. Beading can be 
formed to any shape including rounded corners., Spotrim 
Corp., 15301-5 Mack Ave., Detroit 24. 


For further information, circle No. 39 on Reader Inquiry Facility, page 169 


PYROMETER EQUIPMENT 


Line of pyrometer equipment consisting of flush- or sur- 
face-mounted indicators, controllers and protectors is for 
designed-in use in heat treating furnaces, melting furnaces, 
cooking kettles, plastics molding machines, impregnating 
tanks and cloth-treating ovens. Indicator is a millivolt- 
meter with an accuracy of 34 per cent of full scale. Legible 


ELECTRICAL MANUFACTURING 





As industrial production for defense gains in 
scope and momentum, plastics will find a multi- 
tude of new uses. Within the past ten years com- 
pression-molded plastic castings have become 
vastly larger and heavier. Today the product de- 
sign engineer can effectively employ plastics in 
new and unsuspected ways...for housings, con- 
tainers, structural members... for utensils, handles 
and a thousand component parts. 

The advance to larger, heavier castings has 
been largely the history of the Mo_pEp Propucts 
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Corporation. MPc pioneered in developing new 
methods to tool and produce giant size castings. 
MPc production equipment includes special pre- 
forming and pre-heating units...plus multi-thou- 
sand ton presses capable of molding 80 pounds 
and more per cycle. 

Product designers with big ideas are invited to 
consult with MPe engineers. 


Address Moxipep Propucts CorporaTION, 


4535 W. Harrison St., Chicago 24, Ill. 





MINIATURIZED — RUGGEDIZED 
Alden Convenience AC Outlets 


There isn’t a piece of elec- 
trical, electronic or industrial 
equipment that doesn’t become 
more valuable by having handy 
AC outlets available. 

The rugged Alden outlets 
stand rough and tough use and 
where space is at a premium 
they really allow you _ to 
squeeze. 

Alden AC outlets incorpo- 
rated in your design will make 
your product tremendously 
more useful and adaptable. 


FEATURES 


The Alden 402AC Series are the 
smallest auxiliary outlets avail- 
able . . . require mounting cen- 
ters of only 14%” using eyelets 
or #6 screws. The rugged steel 
mounting plate has no molded 
ears to break in shipment, stor- 
age or after assembly. Solid 
back molding completely elim- 
inates danger of clips pushing 
out. Rivets or eyelets to chassis 
with conventional production 
tools. Where space is a factor, 
Alden miniaturized AC outlets 
are finding wide application in 
many government designs. 


402ACE 
at 250 volts or 15 
- double mounting 


= single mounting 
amps at {25 volts. 
plate — leads for 

Send for samples, quotes and delivery schedules. 


plate — solder ter- 
minals— UL = ap- 
402ACF 
double mounting 
a= plate — solder ter- 
mina's— UL ap- 
proved for 10 amps 
at 250 volts or 15 
amps at 125 volts. 
wiring directly to 
4» 
i pd fitpen Paopucts Company 
117 N. Main St., Brockton 64EM, Mass. 


proved for 10 amps 
402ACFL 
QW 


with wire nuts. 


PCC SERIES 

For Use on FS/FD-Type Boxes. 

Pri: 230/460 volts. Sec: 115 volts. 
Secondaries fused for overload pro- 
tection. Capacities 100, 150, and 
250 VA.* 


PCF SERIES 


For In-Compartment Wiring. 


Pri: 230, 230/460, or 575 volts. Sec: 
115 volts. Capacities from 25 to 
250 VA.* 


PCB SERIES 
For Main Circuit Step Down. 


Pri: 230/460 or 575 volts. Sec: 115 

or 115/230 volts. Capacities: 1% to 

10 KVA. 7 
*(Continuous duty) 


WRITE FOR CATALOG 


Div. of Essex Wire Corporation 


3501 ADDISON ST + CHICAGO i8 


150 


7-in. scale fitted with an anti-glare cover is readable to 
Yo per cent of full scale. Controller provides on-off action 
of final control element by either a relay, mercury switch, 
or a contactor through which electric power is supplied to 
the furnace or oven. Pyrometer protector, a separate part 
of the control, protects against the possible failure of con- 
troller. Apparatus Dept., General Electric Co., 1 River Rd., 
Schenectady 1, N. Y. 

le No. 40 on Reader Inquiry Facility, page 169 


For further information, cir 


PRODUCTION SOLDERING TOOL 
For soldering contacts, 
pigtails, terminals, contact 
springs, plugs and wire har- 
nesses, Model WL-333B2 
panel accessory with two 
electrodes can be attached to 
standard Glo-Melt  resist- 
ance-soldering units to elim- 
nate the need for a ground- 
ing clamp or fixture. (See 
ELECTRICAL MANUFACTUR- 
ING, May 1950, p. 162). Subassemblies are soldered by plac- 
ing the work between the electrodes. Unit is adjustable to 
24 different heating rates with a maximum capacity of 450 
watts. Operates from 115 volts 60 cycles. Wasserlein Mfg. 
Co., Inc., 1610 Madison St., Lockport, III. 


For further information, circle No. 41 on Reader Inquiry Facility, page 169 


SEALED TERMINALS 


Line of sealed terminals, 
Termin O Seals, use neo- 
prene and _ silicone-rubber 
sealing glands to prevent 
entry or escape of fluids and 
gases. Neoprene _ sealing 
glands are supplied for ap- 
plications where operating 
temperatures range from 
—67 to 225 F; silicone-rub- 
ber glands for operating 
temperatures from 100 to 
500 F. Units complete with 
studs and insulators are available with ratings up to 12,000 
volts and for high frequencies. Various sizes and shapes. 
Franklin C. Wolfe Co., 11723 Mississippi Ave., Los Angeles. 
f f circle No. 42 on page 169 


r further information Reader Inquiry Facility, 


AIR COMPRESSOR 

Type HD-70/U air com- 

pressor is for use in main- 

taining sea-level pressure in 

radar and electronic equip- 

ment plenums of aircraft at 

altitudes up to 50,000 ft. 

Unit is equipped with a 

1/5-hp, 115-volt, 400-cycle, 

single-phase motor which 

operates at 7200 rpm. Mini- 

mum capacity at 50,000 ft 

is 80 cu in. per min while maintaining 32-in. Hg absolute 

pressure. Sea level capacity is 1750 cu in. of air per min. 

Service life is 1000 hr with no decrease in performance. 

Sliding blades of rotary pump are carbon-graphite compo- 

sition to assure positive starting and pumping at —87 F. 

Total weight with outlet check valve is 5.1 lb. Overall di- 

mensions: 5°%4 x 5%6 x 41% in. Romec Div., Lear, Inc., 
Elyria, Ohio. 


For further information, circle No. 43 on Reader Inquiry Facility, page 169 
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SELF-ADHESIVE - PERMANENT 


METAL-CALS consist of a .003” thickness of aluminum foil anodized and dyed, backed with 
high-tensile bonding material. A METAL-CAL, with your name or message etched into its surface, 


can be swiftly applied to any smooth, cohesive surface of metals, porcelain, bakelite, polysterene, 


glass, woods, paints or enamels. Once on—it stays on, telling your story again and again! 


Only METAL-CALS offer all these advantages: 


ECONOMY—No holes to drill, no screws, rivets, 
escutcheon pins or other fastening devices required. 
Labor, material costs slashed. Long life eliminates 
replacement cost of decals and litho- plates. 


DURABILITY— METAL-CALS far surpass in perform- 
ance the best of decals. They have passed the most 
rigid weathering, salt spray, humidity, abrasion, 
low and high temperature tests. 


SIMPLICITY OF APPLICATION—After removing 
by water immersion the cellophane film protecting 
a METAL-CAL's pressure-sensitive adhesive, anyone 
can apply quickly to smooth, cohesive surfaces. 


LONG LIFE—Won't chip, peel or crack. Letters, 
characters and colors are part of the aluminum foil 
itself .. . stay clear, sharp, easy-to-read. 


COLOR VARIETY— Choose any one of 5 perma- 
nent, attractive colors—yellow, red, blue, black, 
green—plus aluminum. Available with either dull 
(matte) or lustrous metallic finish. 


METAL-CALS have found acceptance and wide use in 
industries everywhere— wherever there is need for an in- 
expensive, permanent method of applying trade names, 
trade marks, insignia, numbers, specifications, diagrams, 
instructions, dial and gauge markings, operating or main- 
tenance instructions, dealer service nameplates. 


You’ve fried the rest—Now USE the Best! 


Te =)=)hSOtSC~S 
a 


For complete data, samples, technical 


information, write 


METAL-CAL DIVISION 
C&H Supply Co. 


THIS CELL WILL RECEIVE | om a on 
pt. D-1, Boeing Field « Seattle 8, Wash. 
auld au: ae Uta UNIT Sales Representatives in ALL Principal Cities 


WP38800 C. WESTINGHOUSE ELECTRIC CORP MADE INUSA 





# Trade Mark Registered — U.S. and Foreign Patents Pending 


BOE LMG Conran’ 
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LOW-COST PROTECTION 
for Airborne Electronic 
Equipment 
















Here is reliable vibration protection for base-mounted 
airborne electronic equipment . . . and for other apparatus 
which must function properly above and below usual 
temperatures. And TEMPROOF Mountings are priced 
to meet the needs of manufacturers in competitive markets. 

TEMPROOF Mountings provide superior protection 
by maintaining their high vibration-isolating efficiency 
from — 80°F to + 250° F. Selective-action friction damp- 
ers prevent excessive movement at resonant frequencies. 
Equipment does not sag or droop . . . mounting drift is 
negligible. The unusually wide load range of TEM- 
PROOF Mountings makes it possible to standardize on 
one mounting for several types of equipment, and to effect 
additional economies in purchasing, storage and assembly. 


For complete information on TEMPROOF Mountings, or for 
specific recommendations concerning their use, write to Product 
and Sales Engineering Department. A quantity of Vibration Iso- 
lation and Natural Frequency Charts in full color is available. 
Copy of each will be sent. free upon request. 


LORD MANUFACTURING COMPANY « ERIE, PA. 


Canadian Representative: Railway & Power Engineering Corp..Ltd. 






Vibration-Control Mountings 
... Bonded-Rubber Parts 


























Laboratory and 
Engineering 
Equipment 











To obtain additional information on items 
reviewed below, the Reader Inquiry Fa- 
cility with postpaid return cards is pro- 
vided on page 169, where titles and key 
numbers are repeated for convenience. 
Fill out card, circle numbers desired 
and mail, 


CHRONOSCOPE 


Using a RC timing circuit Model 110 
Chronometer has 8 scale ranges from 
0-1 millisec to 0-3 sec. Percentage of 
capacitor charge lost through resistor is 
determined by a self-balancing potenti- 
ometer and is indicated on a clock dial 
by a mechanical pointer coupled to the 
potentiometer. Accuracy is better than 







+ 1 per cent of full scale on any range. 
Instrument can measure the duration of 
an open circuit, short circuit or voltage 
pulse of 6 volts or more. Also available 
is Model 211 input adapter which can 
be used in conjunction with chronoscope 
to start and stop measurement of time 
intervals without stopping the system or 
synchronizing the indicating device. Se- 
lector switch for each set of input ter- 
minals permits use of independent start- 
ing and stopping signals. Both units 
operate on 110/120 volts 60 cycle. Amer- 
ican Chronoscope Corp., 316 W. First 
St., Mt. Vernon, N. Y. 


See No. 44, Reader Inquiry Facility, page 169 


INKLESS RECORDER 


High-speed recording amplifier with 
an overall gain of 6000 records both 
static and rapidly changing signals pro- 
duced by strain-gage instruments. Instru- 
ment is a direct-writing, inkless, vacuum- 
tube voltmeter consisting of an amplifier, 
a D’Arsonval moving-coil recording 
galvanometer and a paper drive mechan- 
ism. Strain-gage output is amplified at 
2500 cycles. Input impedance of the car- 
rier amplifier is about 2000 ohm. Re- 
sponse time for square-wave input is 
approximately 0.007 sec. Writing arm has 
a heated stylus which wipes across heat- 
sensitive record paper, producing a black 


ELECTRICAL MANUFACTURING 
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FANSTEEL 77 METAL LEAD 
Ty Aa 11.3* 


SY 










They all weigh the same but— 


FOR DENSITY and ECONOMY of space and material 


IT’S FANSTEEL 77 METAL 


*GRAMS PER CUBIC CENTIMETER 





With a density almost as high as gold and 
closely approaching that of pure tungsten, 
Fansteel 77 Metal is the practical, eco- 
nomical high density material of today . . 
in fact, it is principally tungsten with 
nickel and copper added to impart ma- 
chinability. Wherever maximum density, 
mass or interia is required in limited space, 
Fansteel 77 Metal is an excellent material. 
It is ideally suited for rotational control 

. in motors, flywheels, governors, and 
balance weights. Because of its high den- 
sity, substantially greater than that of 
lead, Fansteel 77 Metal is also an excellent 
material for radiation shields against 
X-ray and gamma radiation. 


Fansteel 77 Metal parts can be made 
from available rods, bars or slabs. In addi- 


| 
ea 
7 ; 4 
AN INDUSTRY 


THAT SERVES 
INDUSTRIES 





tion, Fansteel will make special parts by 
powder metallurgy, which require little 
finishing. 


Fansteel 77 Metal is another metal- 
lurgical contribution to industry by Fan- 
steel. For the correct, most economical 
solution to your problems requiring unu- 
sual metals, there is no better place to go 
than to Fansteel. There, you will find 
modern manufacturing 
facilities, plus competent 
engineering assistance in 
the design, production 
and finishing of special 
metal parts or products. 
Fansteel Metallurgical 
Corporation, North 
Chicago, Illinois, U.S.A. 





Ask for our booklet, 








‘"Fansteel Tungsten and Molybdenum’? 
and other technical bulletins. 


Kansteel 


a PRODUCT, 
In Controlled Metallurgy 
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ACTUAL SIZE 


Basic 


MINIATURE 


Aircraft Type 
Relays 


by “Diamond H” 


Data 


4 POLE DOUBLE THROW 
SIZE: smallest of its type, 1.5 cubic inches 


WEIGHT: lightest of its type, 3.5 ounces 


SHOCK RESISTANCE 
greatest of its type, 50 G. 


(operating): 


TEMPERATURE RANGE: 
widest of its type, —65° C. to +200° C. 


PLUS THESE OTHER IMPORTANT SPECIFICATIONS: 


MOUNTING: Variable. 


ONAUDAWDHK = 


CONTACT RATING: 2A, 28V, D.C.; 2A, 115V, A.C., 400 cycle. 
CONTACT OVERLOAD RATING: 12A, 28V, 20 sec. 

ALTITUDE RATING: Dry, inert gas, pressure filled; hermetically sealed. 
COIL RESISTANCE: 50 to 10,000 ohms. 

COIL VOLTAGE: 18 to 250V, D.C. 

TERMINAL ARRANGEMENT: soldered connections; plug-in optional. 


VARIATIONS: Virtually innumerable, in voltage, amperage, number 


of poles (4 maximum) and temperatures. 


To meet exacting requirements of 
missiles, rockets and other air, ground, 
and marine applications, this new relay 
incorporates a hitherto unmatched 
combination of characteristics: The 
combination is achieved through sev- 
eral unique design features developed 
by The Hart Manufacturing Company, 
producer of dependable electrical con- 
trols and devices for more than half 


a century. 


154 


Write today for complete information on this 
new relay. We'll gladly work with you to 
develop any special variation to meet your 


specific need. 


The Hart Mfg. Co. 
211 Bartholomew Ave. 
Hartford, Conn. 


Send me further information about your 
new relay. 


Name 


Title 


Meee eee eee eee 2D 


Company 


Street _ 


ft treet ewe we nee nan, 


line on a white background. Standard 
paper speed is 25 mm per sec but two- 
speed adaptors and slow speed motors 
are available for various combinations of 
speeds up to 25 mm per sec. Built-in 


time-marker is also available. Instrument 
is available in a mahogany case, 17 x 
11-23/32 x 9-7/16 in. overall. Baldwin- 
Lima-Hamilton Corp., Paschall P. O., 
Philadelphia 42. 

ee No. 45, Reader Inquiry Facility, page 169 


OUTPUT-POWER METER 


Type OP-962 output-power meter can 
be used for measuring the following: 
audio power delivered to a given load, 
characteristic impedance of an a-c source, 
effects of load variation on a signal sys- 
tem, transmission-line equalization, in- 
sertion loss in multi-channel mixer, filters 


99 899 29 


and transformers. Meter range is from 
0.1 mw to 100 watts in 1l-mw steps. 
Binding posts are provided on the panel 
for input, external amplifier and_ oscil- 
loscope connections. Other specifications: 
impedance is adjustable between 2.5 and 
20,000 ohms in 40 steps; accuracy, + 2 
per cent over frequency range 30 to 10,- 
000 cycles. Indicating meter is calibrated 
from 0.01 to 0 watt and from —10 to 
+10 db. Dimensions are: 15% x 8% x 
8% in. Daven Co., 191 Central Ave., 
Newark 4, N. J. 

ee No. 46, Reader Inquiry Facility, page 169 


VACUUM GAGE 

As many as five separate pressure pick- 
ups can be connected to vacuum gage 
instrument which has a_ five-position 
switching attachment. Matched gage 
tubes eliminate need for additional ad- 
justment when switching. Instrument can 
be used to measure absolute pressures 
from 0 to 1000 microns of mercury. Re- 
sponse time is less than % sec. Operation 
of the vacuum gage is based on noble- 
metal thermopile principle. Hot junctions 
are heated by an a-c current while cold 


ELECTRICAL MANUFACTURING 








When insulation must stand 500° Heat 


..-look oARVINGTON?’S class “H” Line 





Whether you are winding for service at high ambient temperatures 
— for increased continuous power ratings — for greater short-time 
overload capacity ... 


Or designing for space-and-weight savings... 


You will find the Class “H” insulation you want in the complete 
Irvington line. 


Depending on service requirements, your high-temperature insula- 
tion job may call for Silicone Varnished Fiberglas*, in yard goods, 
tape or tubing forms; Silicone Glass Mica; Silicone Saturated or 

Silicone Coated Asbestos; Silicone Rubber Coated Fiberglas; 
Silastic* * Tape, Teflon Coated Fiberglas. 


We make them all — we’re ready to help you use each to best advan- 
tage. Write for a free copy of our book — Irvington Class “H” Insu- 
lations — it contains samples. Perhaps you’d prefer to talk with one 


of our engineers. The coupon below is for your convenience, Send — 
it today. No obligation. { 
*Owens-Corning Fiberglas Corp. **Dow Corning 


©9008 OOO OS OOS SOS OOS O808OO8OSOSO8OEO 






i Irvington Varnish & Insulator Co. EM-3-51 
Send this convenient coupon now | 6A Argyle Terrace, Irvington 11, N. J. 
I * LO ee vrington Clans 2B sagteere. Pisasg have bam 
Insulations"’. phone or write for an ap- 
reington | = 
; Name ‘ sain sactieidaaid ronnge cis . 
VARNISH & INSULATOR COMPANY teow yee ae 
6 Argyle Terrace, Irvington 11, New Jersey | City , : a eal 
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Here’s why 
those in the know 


demand- 


superior 


contact 


design 


Ne 


Because the contact is the key to the 
success of any electric connector, Can- 
non has always applied the highest order 
of skill and care to this all-important 
detail. Cannon pin and socket contacts 
are all precision machined from solid 
bar stock. Silver or gold plating main- 
tains high conductivity after years of 
constant use. Phosphor bronze “napkin 
ring” of the socket keeps pressure on 
large areas of heavy metal, preventing 
current loss. There are no thin metal 


(Ok 


Removable CG 


aS “ 


flux and solder out of 
the connector. 


Phosphor bronze 
“napkin ring” 


Hand-tinning keeps 
solder inside cup ; 


tangent contact points in Cannon con- 
tacts. (See below). Solder cups are care- 
fully tinned by hand to keep the solder 
inside the cup. Cannon socket contacts 
are full floating to assure perfect align- 
ment. You'll find these design features 
throughout the great variety of pre- 
cision contacts used in all Cannon con- 
nectors. For real value demand Cannon. 


@©e 


Cannon design (above left) makes con- 
tact on large, heavy metal surfaces. 
Current is not carried through spring 


xial section. In Cannon Connectors there 
are no thin metal tangent contact 
cc* points, like the design shown at right. 


5@U es 


CANNON 
—*—* ELECTRIC 


Since 1915 


LOS ANGELES 31, CALIFORNIA 
REPRESENTATIVES IN 
PRINCIPAL CITIES 


In Canada & British Empire: Cannon 
Electric Co., Ltd., Toronto 13, Ontario. 
World Export (Excepting British Em- 
pire): Frazar & Hansen, 301 Clay St., 
San Francisco, California. 


junctions are kept at the ambient tem- 
perature by heavy silver studs. A pressure 
decrease tends to increase temperature 
of hot junction and thereby increase out- 


put of the thermopile. This thermal dif- 
ference generates a voltage proportional 
to pressure. Hastings Instrument Co., 
Inc., Super Highway at Pine Ave., Hamp- 
ton, Va. 


ee No. 47, Reader Inquiry Facility, page 169 


GENERAL-PURPOSE METER 


meter, MV-73B, can 
measure voltages, currents and _ resist- 
ances. Has a full-scale sensitivity of 10 
mv for a-c and d-c voltage measurements; 
voltage ranges from 1 mv to 1000 volts. 
In addition instrument measures high 
frequencies with a maximum full-scale 
sensitivity of 25 mv for frequencies up 


Vacuum-tube 


to 300 mc. Ammeter ranges from 1 
microamp to 10 amp full scale; ohmmeter 
ranges from 0.5 ohm to 2000 megohm. 
No batteries are required for resistance 
measurements since circuit is fed from a 
regulated line source. Meter measures 
9%4x15%x7% in. Millivac Instrument 
Corp., P.O. Box 3027, New Haven, Conn. 


See No. 48, Reader Inquiry Facility, page 169 


RECORDING INSTRUMENTS 


Line of instruments for d-c measure- 
ments, MR series, includes micro-micro- 
ampere, millivolt and microvolt record- 


ers. Micro-microampere model has 22 
calibrated ranges from 5 x 10-11 to 2 amp 
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Courtesy 
Radio & Television News 


When Soldered Joints Fail... YO“ AACE TROWGLE! 


Product failure . . . costly repairs . . . and customer dissatisfaction are often directly 
attributable to the failure of a soldered joint. And using the wrong solder alloy to make 
the joint could be the reason. 

Why chance failure, even with so small an item as solder? Be sure. Buy the right 
solder for your job. Buy from Federated and get the benefit of expert metallurgical 
advice on the particular production problem that faces you. 

A variety of Federated Rosin Core Solders are designed for use where freedom from 
corrosive residues is important . .. a group of Federated Solid Wire Solders where 
separate flux is to be used. 

To order, or to obtain further information, call or write any of Federated’s 22 sales 
offices across the country. 





AMERICAN SMELTING AND REFINING COMPANY « 120 BROADWAY, NEW YORK 5,N.Y. 
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| per cm with a maximum sensitivity of 3 
|x 10-12 amp per mm. Millivoltmeter has 
| 13 calibrated ranges from 0.2 mv to 200 
volts per cm; maximum sensitivity is 20 
microvolts per mm. Microvolt recorder 
has 11 calibrated ranges from 2 micro- 
| volts to 0.2 volts per cm with a maximum 
sensitivity of 2 microvolts per mm. All 
three types use an inkless Sanborn 
| recorder with a useful recording width 
of 5 cm. Standard paper speeds are 25 
and 10 mm per sec but slower speeds 


- +] /can be furnished. Time marker can be 
aio AY if a E provided which produces 1-sec time sig- 

Bs nals. Instruments are mounted in ma- 

4 \hogany cases, 11-1/16 x 17 x 11% in. 


€ . 
i 7 ce y Millivac Instrument Corp., P. O. Box 
. ' ; 3027, New Haven, Conn. 
| . com a See No. 49, Reader Inquiry Facility, page 169 

OCT 





Manufacturers’ 
Literature 


To obtain copies of these publications on 
materials, components and engineering 
services, use the Reader Inquiry Facility 
on p. 169; fill out card, circle key 
number and mail. 


CLASS-H INSULATIONS — Technical 
data and actual insulation samples are 
'included in 16-page bulletin on Class-H 
insulation materials. Types described are 
silicone-varnished glass fiber sheet and 
tubing, silicone-glass mica, _ silicone- 
saturated and _ silicone-coated asbestos, 
silicone rubber-coated glass-fiber sheets 
and tapes. Data sheet on each type 
gives properties, applications and _ sizes 
available. Irvington Varnish & Insulator 
Co. 

See No. 50, Reader Inquiry Facility, page 169 





‘ | RELAYS, MOTORS, TIMERS—Catalog 
This tough, Well-Cast 109 of 24 pages contains information on 


magnesium portable tool line of relays. shaded-pole motors and 


7 2 timers. Both photographs and schematic 
part is typical of how diagrams are used to illustrate each de- 
light you can fiake your 'vice and give overall and mounting di- 

: 'mensions. Relay types include: power, 

product. It weighs only photoflash, midget, multiple leaf, latch- 

ing, plate circuit, vibration resistant, 

a few ounces. shock proof, motor starting and mert- 
ot? cury contact. Potter & Brumfield. 

Want to lose Some wergnt: See No. 51, Reader Inquiry Facility, page 169 

LAMINATED PLASTICS — Character- 

istics and applications for various types 

’ : and grades of laminated phenolics are 

40 years’ experience described in 40-page booklet C-1. Illus- 

ALUMINUM AND MAGNESIUM SAND, SEMI-PERMANENT AND PERMANENT trations show how laminates are pro- 


duced, methods of fabricating, and actual 
MOLD CASTINGS. WELL-MADE WOOD AND METAL PATTERNS. | parts made from the laminates. Tables 


| give properties, standard finishes, shapes 
and dimensions of laminates. Bakelite 


THE " 3 a a fal yy a BRONZE & ALUMINUM CO Div., Union Carbide and Carbon Corp. 


See No. 52, Reader Inquiry Facility, page 169 


BALL BEARINGS—Vol. 1, 20th Edition 
of ball bearing handbook contains data 


2533 EAST 93rd STREET e CLEVELAND, OHIO necessary for the selection and applica- 
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CONSTRUCTION 


The unique design and rugged construction of the SM series 
relays assures indefinite life, except possible damage to 
contacts due to overload. Regardless of sensitivity they are 
not delicate and no special handling is required. Extremely 
light weight of the moving armature assures a high degree 
of resistance to shock and vibration in any position. The SM 
is ideal for guided missile or aircraft applications as well as 
general purpose uses. The plate circuit versions have found 
many applications in electronics. The simplicity of construc- 
tion provides a thoroughly reliable, ultra-small relay at sur- 
prisingly low cost. Samples and quotations will be supplied 
upon receipt of your specifications and requirements. 

SM5D and SMS5L are open construction for single screw 
mounting. A thin transparent plastic sleeve furnishes pro- 
tection against dust and damage in handling. 

SM5DG and SMS5SLG are hermetically sealed in a minia- 
ture tube glass envelope with 7-pin plug-in base to fit 
standard miniature socket. Max. height 154” (above socket); 
max. dia., %4”. 

SM5DS and SMS5SLS are hermetically sealed in deep 
drawn steel can. Base and dimensions same as “G” version. 


SPECIFICATIONS AND DESIGNATIONS 


“G" suffix designates hermetically sealed in glass. 

“S" suffix designates hermetically sealed in deep drawn 
steel can. 

“D" suffix designates winding that consumes .4 watt or 
more at rated operating point. Performance range is from 
0.3 V. at 1.37 amp to 118 V. at 0.0034 amp. Standard 
winding draws approximately 0.5 watt at rated voltage 
with adjustment to pull in at 75% or less of rated voltage. 
Contact transfer occurs at approx. 35% of pull in voltage. 

“L" suffix designates winding for current sensitive opera- 
tion in which the coil consumes less than .4 watt. Maximum 
sensitivity of 0.075 watt can be provided with pull in at 
2.75 MA minimum on slowly rising current with 10,000 ohm 
coil or 0.695 amp at 0.108 V. with 0.155 ohm coil. Standard 
adjustment to pull in at or below specified value and contact 
transfer during drop out to occur at approximately 50% of 
pull in value. 

All coils of above types will dissipate 1.75 watts without 
exceeding 90°C. temperature rise. This permits maximum 
3.36 amp at 0.52 V. with 0.155 ohm coil and 13.2 MA at 
132 V. with 10,000 ohm coil. 

Vibration resistance is improved with increase in coil 
power. 10G specs may be met in sealed, “G” or “S” 
versions with 0.2 watt or more in coil when socket mounted. 
This special construction is provided only when so specifice’. 


Your Electronic Parts Distributor Stocks Standard P&B Relays 


Potter & Brumfield 


PRINCETON, 
40TH ST., NEW 


EXPORT: FS BAST 


MARCH 1951 


SM series Super Vega ian 


SM—Actual Size 


“eg 


Sealed SM's fit into standard miniature tube shield. 


SM5D_ open construction, voltage actuated .3 to 118 V. 
DC, nominal dissipation .5 watt. 


SM5DG glass sealed, same as SM5D. 
SMS5DS sealed in deep drawn steel can. 


SM5L_ open construction, current actuated, pull in 2.75 to 
675.0 ma. at 25°C. with .075 watt dissipation, 
.155 to 10,000 ohm winding. 


SMSLG glass sealed, same as SMSL. 
SMS5LS sealed in deep drawn steel can. 
CONTACT RATING 


The contacts are pure coined silver rated at 5 amps for 10 
operations, 2.5 amps for 100 operations, 1 amp for 50,000 
operations at 24 DC non-inductive load, or .25 amp for 
1,000,000 operations at 115 V. 60 Cy. non-inductive load. 


CONTACT COMBINATION 
One Form “C"”—SPDT. 


INSULATION 


Coil to current carrying elements 1,000 V. RMS 60 Cy.; 
between contacts 500 V. RMS 60 Cy. 


INDIANA 





YORK 






Locks and Catches 
for EVERY PURPOSE 


We will gladly work with you in the 
selection of the Corbin lock or catch best 
suited to your needs .. . or in the devel- 
opment of locks and catches designed to 
your specifications. 


FOR PANEL BOARDS a flush-with-the- 
surface lock and latch combined. The lock 
has a sturdy 5-disc tumbler mechanism. 
When unlocked, the ring pull operates the 
bolt (see below), allowing the lock to be 
used as a latch. The lip bolt does not 
require the use of a strike on steel doors. 


(left) Profile illustration of lock above 
shows how ring pull is pulled out to 
operate bolt. At right is a Flush Panel 
Board Catch, for use where no lock is 
required. 

© See Corbin Illustrated Catalog No. 99B 
for full details on Corbin Locks and 
Catches. If you do not have a copy, we 
shall be glad to send one to you. 


Be sure... 


with C 


CORBIN CABINET LOCK DIVISION 
THE AMERICAN HARDWARE CORPORATION 
NEW BRITAIN, CONNECTICUT 


tion of ball bearings for general use, in- 
cluding dimensions, load ratings, load 
conversion factors, bearing tolerances and 
shaft housing fits; 140 pages. Load- 
rating tables give both radial and thrust 
capacities for all bearings except types 
designed for special applications. New 
Departure, Div. of General Motors Corp. 
See No. 53, Reader Inquiry Facility, page 169 


SERVO MOTORS, GENERATORS, 
TRANSFORMERS—Line of servo com- 
ponents described in 20-page Telesyn 
booklet includes generators and motors 
for transmitting angular position, control 
transformers for voltage indication and 
servo control, and differential generators 
and motors for addition and subtraction 
of rotation. Design data, specifications, 
and dimensions given for each type. Ford 
Instrument Co., Div. of The Sperry 
Corp. 


See No. 54, Reader Inquiry Facility, page 


HEAT - RESISTANT INSULATION — 
Asbestos-base, completely inorganic elec- 
trical insulation, Quinterra, is described 
in 16-page bulletin EL-34A. Properties, 
economic advantages and performance 
data. Johns-Manville. 

See No. 55, Reader Inquiry Facility, page 169 


FORMED FIBER WEDGES—Bulletin 
441 of 2 pages, gives sizes, lengths, fea- 
tures and data on application of formed 
fiber wedges. Dimensional drawings. In- 
sulation Manufacturers Corp. 

ee No. 56, Reader Inquiry Facility, page 169 


IHP MOTORS—Bulletin No. 400 of 6 
pages gives features and construction 
details of line of motors. Types and 
ratings: single phase, 1 to 7% hp; d-c, 1 
to 7% hp; polyphase, 1-50 hp; totally 
enclosed fan-cooled, 1-40 hp; and ex- 
plosion proof, 1 to 40 hp. Robbins & 
Myers, Inc. 

ee No. 57, Reader Inquiry Facility, page 169 


HERMETICALLY SEALED RELAYS— 
Four-page bulletin illustrates and de- 
scribes line of hermetically sealed relays. 
Contacts up to 4PDT; rated at 3 amp 
for either 24 volts d-c or 110 volts a-c; 
solder or plug-in terminals; built to mili- 
tary specifications. Price Electric Corp. 
ee No. 58, Reader Inquiry Facility, page 169 


SHAFT SEALS—Package, chevron and 
O-ring mechanical seals for rotary shafts 
are described in 12-page multicolor book- 
let AD-144. Application data and sizes 
available are given for each type. Sec- 
tion on typical applications. The Gar- 
lock Packing Co. 

see No. 59, Reader Inquiry Facility, page 169 


COIL CHECKER — Shorted-turn and 
open-circuit indicator for unmounted 
coils is described in 4-page bulletin 42. 
Circuit diagram, features and operating 


instructions also given. Kartron, Inc. 
ee No. 60, Reader Inquiry Facility, page 169 


TIMERS—Description, features and ap- 
plication data for line of industrial timers 
are included in 52-page catalog. Ratings, 
timing ranges, operating arrangements, 
mountings, enclosures and prices are 
given for each type of timer. Line in- 





BENDIX RADIO DIVISION 


AVIATION CORPORATION 


ELECTRONICS ENGINEERS—At all 
salary and experience levels. 


RESEARCH ON: Antennae, Servo- 
mechanisms, Microwave ccts. and 
other phases of communications 
and navigation equipment. 


PRODUCTION DESIGN OF: Military 
and commerical communications 
and navigation equipment. 


FIELD ENGINEERS — Supervise 
installation and maintenance of 
radio and radar equipment. Factory 
training will be given. Base salaries 
from $4200 to $6900 per year. 
25% bonus for time spent overseas. 
Traveling and living expenses paid 


by Bendix. Insurance plan. 


TEST AND INSPECTION ENGINEERS 
—Practical knowledge of radio, 
radar, or TV manufacturing pro- 
cesses. Good knowledge of radio 


fundamentals essential. Base sal- 


aries from $3900 to $5880. 


TECHNICAL WRITERS — Knowledge 
of radar fundamentals or radio re- 
quired. Work closely with engineers 
to gather material for instruction 


and maintenance manuals. Base 


salaries from $3400 to $4300. 


LABORATORY TECHNICIANS — Re- 
quire knowledge of radio funda- 
mentals and skill in use of measur- 
ing instruments and_ laboratory 
equipment. Previous industrial ex- 
perience essential. Salaries from 


$262 to $321 per month. 


BASE SALARIES FOR ALL POSI- 
TIONS LISTED ABOVE ARE SUPPLE- 
MENTED BY UP TO 30% FOR 
REGULARLY SCHEDULED 48 HOUR 
WEEK. 


Housing is no problem in Baltimore. 


Excellent group insurance and 


family hospitalization plan. 


Attractive retirement plan for pro- 
fessional personnel. 


Write for application: 


Engineering Personnel Supervisor 
BENDIX RADIO DIVISION of 
Bendix Aviation Corporation 

Baltimore 4, Maryland 
TOwson 2200 
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w | 4 P) i OPERATOR'S CONTROL STATION 
' POWER UNIT 


ICKERS 


BD. C. DRIVE MOTOR 
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No “warm-up” time . . . extremely fast response . . . no main- 


9 e 
tenance! These are exclusive control advantages offered by the There’s a Mickans Standard Magnetic 
Vickers Magnetic Amplifier in Louis Allis’ Select-A-Spede—a Amplifier for Your Control Needs 


packaged all-electric adjustable speed drive operating from 


ai : HIGH POWER 
A. C. circuits. Located in the Cutler-Hammer control panel of ee GR -ape:- gear ee 


. . ; . i tput from 62 watts to 4200 watts. 
the power unit, the Vickers Magnetic Amplifier constantly ee — 


regulates the field current of the generator which supplies HIGH PERFORMANCE For 60 cps power sources—28 


djustable voltage to the drive motor, providing unequalled styleo—maxianum output powers from milll-watts to 368 


performance advantages. watts. For 400 cps power sources—20 styles—maximum 


Other Vickers Magnetic Amplifier features: A-C or D-C CON- a a a a 
TROL, A-C or D-C OUTPUT ... RESPONDS TO SUM OR 
DIFFERENCE OF SEVERAL SIGNALS... ALLOWS 
ELECTRICAL ISOLATION BETWEEN CIRCUITS. 


HIGH GAIN For 60 Cps power sources—22 styles—maxi- 
mum output powers from 12 watt to 1200 watts. 


WRITE FOR BULLETIN 20-A 
For information on the complete line of Vickers 
Standard Magnetic Amplifiers. Please make request 
on your letterhead. 





7 ae ELECTRIC DIVISION 


Vit ne © 
1805 LOCUST STREET + ST. LOUIS 3, MISSOURI 
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THOS SOSSOS SUGGS 
ANAM YANN 
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IN PLASTICS 


PRODUCT, PART OR PACKIAGE 


e From the right plastic ... by the right process . 

Watertown promises you the perfect product, 

whatever your specifications might be. | 

Our injection, compression and transfer molding 

machinery is up to the minute . . . and our laboratory, | 

second to none in the industry, has every 

testing device to insure development . .. and production, 

of products, parts or packages that meet the most 

exacting requirements. In the final analysis, an experienced staff 
of designers, engineers, chemists and production men. .\. 
working with top-notch equipment .. . | 
remains your best possible assurance of a job tvell done. | 


For the complete 
plastics job, from idea 
to delivery, consult ... 


WATERTOWN MANUFACTURING COMPANY 
400 Echo Lake Road © Watertown, Connecticut 
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cludes: reset, multiple circuit, repeat 
cycle, program, reversing and manual 
timers; also interrupters, time-delay re- 
lays and counters. Eagle Signal Corp. 

See No. 61, Reader Inquiry Facility, page 169 


ALUMINIZED STEEL — Sheet steel 
coated with aluminum is discussed in 
illustrated 24-page booklet. Aluminum 
coating has good heat and corrosion re- 
sistance; up to 80 per cent of heat is 
reflected at temperatures up to 900 F, 
Also included are data on mechanical and 
forming properties, available sizes and 
gages as well as detailed recommenda- 
tions for welding, brazing and finishing. 
Armco Steel Corp. 

ee No. 62, Reader Inquiry Facility, page '69 


ELECTRICAL FITTINGS — Catalog 
1050 of 12 pages describes line of solder- 
less connectors, cable and conduit fittings 
and wiring devices. Information on solder- 
less splices and terminals, both plain and 
insulated conduit bushings, box con- 
nectors, conduit locknuts, knockout plugs, 
and molded terminal blocks. Specifica- 
tions and dimensions. Buchanan Elec- 
trical Products Corp. 

No. 63, Reader Inquiry acility, page 169 


TOTALLY ENCLOSED NONVENTI- 
LATED MOTORS—Features and con- 
struction details are given in 4-page 
bulletin 1215 for line of totally enclosed 
nonventilated motors in NEMA frame 
sizes 72 to 284. Motors in frame sizes 
203 to 254 are UL-approved for Class 
II. group G hazardous locations. — Fair- 
banks. Morse & Co. 
No. 64, Reader Inquiry Facility 


MOISTURE - PROOF VARNISHES -- 
Bulletins 114 and 115, of 2 pages each, 
describe two moisture-proof varnishes for 
electrical equipment. Varnishes meet 
Bureau of Ordnance specification 52V25, 
types A and B. Can be applied by dip. 
brush or spray. Lacquer and Chemical 
Corp. 

ee No. 65, Reader Inquiry Facility, page 169 


UNFIRED LAVA BLOCKS—Property 
charts and methods of heat-treating un- 
fired grade A lava are given in 4-page 
bulletin No. 146. Information on allow- 
ances for shrinkage in firing and design 
suggestions for parts. American Lava 
Corp. 

See No. 66, Reader Inquiry Facility, page 169 


HAND, FOOT VALVES—Four-page 
bulletin 303 describes %- and %-in. 
880-series hand and foot valves for air. 
Installation data and engineering draw- 
ings. Ross Operating Valve Co. 

ee No. 67, Reader Inquiry Facility, page 169 


ACCELEROMETERS — Self-generating 
accelerometers, for use in servomechan- 
isms, are illustrated and described in 4 
page bulletin A403. Complete data given. 
Gulton Mfg. Corp. 

ee No. 68, Reader Inquiry Facility, page 169 


COIL WINDERS—“Getting the Most 
From Coil Winding,” a 16-page booklet, 
contains information on the use an 
operation of manufacturer’s coil winding 
machines and general information on coil 
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“CIGAR, MARY 7" 


Just because Joe enjoys a good stogie, he shouldn’t assume 
Mary enjoys one, too! 

And just because one bearing is best lubricated by one partic- 
ular grade of oil, you shouldn’t assume that the same oil is best 
for a// bearings on that machine. In many cases it isn’t. 

OIL CUPS permit you to lubricate each bearing with the 
oil best suited to that bearing—thus prolonging bearing life, 
reducing maintenance costs, cutting down-time, boosting 
production. And oil cups fortunately cost very little. 


Gits oil cups have been the standard for industry for more than 
40 years. Gits Bros. has the largest selection of oil cups available 
anywhere. Call on Gits Bros. for a prompt, efficient solution to 
your lubrication problems. 


Write for free Price Guide Catalog 


GITS BROS. MFG. CO. 
1840 S. Kilbourn Ave. . Chicago 23, Ill. 


FOR PRECISION GLASS PARTS ::: 
a 


Flat, Bent, or Convex Shapes of heat-treated or tempered 
glass are our specialty. All parts are manufactured from flat 
glass—to your specification. 


Whether you have a problem involving glass parts for a 
commercial product or one based on rigid military specifica- 
tion, we are qualified to help you. 


Heat-treated, tempered or hardened glass parts for: 


Clock & Timer Crystals Light Lenses 

Oven Doors Dials & Name Plates 
Radar Equipment Television Equipment 
Aircraft Accessories Instruments 
Photographic Equipment Medical Equipment 


Special Shapes for Instruments, Gauges, Household 
and Industrial Appliances; also Ceramic Pointed Dials and Name Plates 


2900 S. HALSTED ST., CHICAGO 8, ILL. 





winding procedures. Subjects: care of 
paper, how to anchor leads, strap ten- 
sions, short cuts in coil handling proce- 
dure and arbors for spool-wound coils, 
Universal Winding Co. 

See No. 69, Reader Inquiry Facility, page 169 


STAINLESS STEEL—Slide chart on 
stainless steel contains technical data and 
information on workability. Chart in- 
cludes: standard analysis table together 
with corresponding AISI type numbers, 
fabricating data, machinability, and speci- 
fications for forging, annealing, harden- 
ing and drawing. The Carpenter Steel 
Co. 

ee No. 70, Reader Inquiry Facility, page 169 


PLASTICS GEARS—Booklet B-4661 of 
15 pages gives an _ introduction to 
Micarta plastics gearing; provides ma- 
chining, designing and application in- 
formation; material sizes and _ shapes 
available. Horsepower rating formulas 
are illustrated with typical examples, and 
57 applications of Micarta gears are 
listed. Westinghouse Electric Corp. 

ee No. 71, Reader Inquiry Facility, page 169 


CONTACT UNITS—Small snap-acting 
SPST and DPST contact units are illus- 
trated and described in 4-page bulletin 
M-2-D. Specifications, operating char- 
acteristics, ratings and dimensions for all 
units. Penn Electric Switch Co. 

ee No. 72, Reader Inquiry Facility, page 169 


SWEEP GENERATOR—Fight-page bul- 
letin describes Sweepmaster I sweep 
generator for aligning wide-band ampli- 
fiers and observing frequency response 
characteristics. Frequency is varied 
sinusoidally at a 60-cps rate; adjustable 
range from 150 ke to 14 mc. Manufac- 
turers Engineering & Equipment Corp. 
See No. 73, Reader Inquiry Facility, page 169 


HYDRAULIC CHECK UNITS—Line of 
hydraulic check units is described in 8- 
page bulletin HC-600R; for cushioning 
shock produced when air-operated cylin- 
ders are operated. Principle of opera- 
tion, dimensions and specifications given. 
The Bellows Co. 


See No. 74, Reader Inquiry Facility, page 169 


DRIVE OVERLOAD CONTROL—Over- 
load controls for machinery drives are 
described and _ illustrated in 12-page 
catalog 50A. When overloaded, device 
disconnects power to driving motor; re- 
sets automatically. Torque range for 
line is 20 to 10,000 Ib-in. Anchor Steel 
and Conveyor Co. 

See No. 75, Reader Inquiry Facility, page 169 


COLLODIAL GRAPHITE — Character- 
istics and applications of collodial graph- 
ite are given in 6-page bulletin No. 438. 
Electronic and electrical applications in- 
clude electron tubes, static elimination, 
copper-oxide rectifiers, corona preven- 
tion, electrostatic shielding and lubrica- 
tion. Acheson Colloids Corp. 

See No. 76, Reader Inquiry Facility, page 169 


WOOD WEDGES—Four-page folder, 
No. 280, illustrates line of wood wedges 
used to hold windings in motor slots and 
reduce hum in transformers; describes 
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‘ YOU NEED THE PROTECTION OF 


~WAREBOUND BOXES and GRATES 


: | Losses due to container failure have no bound Institute have been technically 
| place in an industrial economy facing trained to design tailor-made Wirebounds 
4 material allocations and shortages. That’s which assure damage-free product de- 

: why you should investigate Wirebounds livery. The value of this container engi- 

4 —which combine the strength of steel neering is clearly demonstrated in the 
ma with thinner wood to bring you better following case histories. We will be glad 

| product protection at lower cost. Three to show you how these benefits apply 

A hundred graduate engineers of the Wire- to your product. Use the coupon below. 


al YOU CAN CUT DAMAGE CLAIMS LIKE THIS: 










Upside-down loading of circuit re- 
closers couvsed breakage, leakage, 
sometimes irreparable damage in han- 
dling and transit. Since switching to Wire- 
bounds, company reports damage claims 
have become negligible. 












shipments in 
single instance of damage in transit due 


cut ¢) time ° 
to container failure. and handles units 


» damage due to contre es 


been completely eliminated, 


Choose your course little, , 


Le) . 
y ‘im Send me general informa- ‘a Send me specific informa- [ Give me direct action 
y rae tion . . . complete descrip- tion... tear sheets of case — send an Institute trained 
4 ey tive book titled ‘What to histories of packing prod- sales engineer to show the 


Expect from Wirebounds.” ucts similar to mine. advantages of Wirebound 


BOXES & CRATES packing for my own product. 


NAME POSITION 


SSS] 


FIRM 


‘ l 


STREET AND NUMBER 


Mi asin aig ine 
| OUR PRODUCT IS IT WEIGHS 
| mail now fo WIREBOUND BOX MANUFACTURERS ASSOC. 
; Room 1150 —327 South LaSalle Street, Chicago 4, Illinois 
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BIMETAL? 


CHACE 


No. 49 
Product of 


Cooper Oven Thermometer Co. 


Pequabuck 2, Connecticut 


Most modern stoves have automatic oven controls, but 
careful cooks want more than that. They know that a 
dependable heat indicator inside the oven . . . where 
the cooking is done . . . is the secret of calls for seconds"! 
These easy-reading Cooper Oven Thermometers, actuated 
by Chace Thermostatic Bimetal, find favor with house- 
wives and manufacturers. 

The smaller thermometer is used by stove manu- 
facturers as original equipment; its spring clip is quickly 
and easily welded to the oven rack in convenient, out- 
of-the-way locations. The larger portable type is sold 
to consumers. Each is actuated by a Chace Bimetal coil 
having one end fixed to the indicator shaft, the other to 
the back of the dial. The coil rotates as the bimetal 
responds to temperature changes, moving the pointer 
to the correct temperature value. 

This rotating motion is but one of many responses 
obtained with Chace Thermostatic Bimetal. Others in- 
clude bending, linear, or combinations of various motions. 


Perhaps your product can utilize the unique properties 


of this versatile and dependable material. Let the 


Chace Application Engineer help you determine your 
thermostatic bimetal requirements. 


W. M. CHACE CO. 
NEV Ler om atv IONE 


1608 BEARD AVE., DETROIT 9, MICH. 


standard sizes and shapes. Special sizes 
and shapes are also listed. Insulation 
Manufacturers Corp. 

ee No. 77, Reader Inquiry Facility, page 169 


PRECISION CASTING—“File on Micro- 
casting Case Histories” is a 16-page 
booklet containing seven case _ histories 
of applications using precision cast parts 
made by the “lost wax” process. Micro- 
cast Div., Austenal Laboratories, Inc. 

ee No. 78, Reader Inquiry Facility, page 169 


ROTARY CONVERTERS—D-c to a-c, 
d-c to d-c and frequency converters are 
described in 16-page catalog 850. Fea- 
tures, ratings, dimensions, and specifica- 
tions included. Carter Motor Co. 

ee No. 79, Reader Inquiry Facility, page 169 


PROTECTIVE AND PREPAINT COAT- 
INGS—Specification card, No. 920, lists 
line of compounds for protective surface 
treatment of metals. Also included is a 
list of military specification numbers with 
corresponding trade names of com- 
pounds. American Chemical Paint Co. 

ee No. 80, Reader Inquiry Facility, page 169 


COLD BENDING OF METALS—“It's 
Easy to Bend,” a 32-page manual, con- 
tains information on 18 types of cold 
bending and machines for performing the 
operations. Methods shown for making 
bends. O’Neil-Irwin Manufacturing Co. 
ee No. 81, Reader Inquiry Facility, page 169 


TACHOMETERS—Resonant-reed _ tach- 
ometers are described and_ illustrated 
in 16-page bulletin 31 along with ranges 
and other information. Included are aids 
for the proper selection and application 
of the instruments. James G. Biddle Co. 
See No. 82, Reader Inquiry Facility, page 169 


PRODUCTION RESISTOR TESTER— 
Speed-Sort low-range limits bridge for 
checking tolerances of resistors and re- 
sistance of other electrical components s 
described and illustrated in 4-page bul- 
letin 8A. Associated Research, Inc. 

ee No. 83, Reader Inquiry Facility, page 169 


PREPAINT METAL CLEANER—Ad- 
vantages are given in 4-page folder 
F7642 for CrysCoat process, for cleaning 
metal surfaces and conditioning for paint- 
ing; process uses a phosphate com- 
pound. Oakite Products, Inc. 

ee No. 84, Reader Inquiry Facility, page 169 


GEARS—Four-page folder shows manu- 
facturer’s facilities for producing various 
types of gears including: spur, helical or 
spiral, bevel, worm, segment and ratchet. 
Range of sizes are given. Rynel Corp. 
ee No. 85, Reader Inquiry Facility, page 169 


ELECTRONIC PRESSURE INDI- 
CATOR—Pamphlet No. 525/E 1950, of 
6 pages describes and illustrates elec- 
tronic pressure indicator for measuring 
static and dynamic force, pressure, dis- 
tance and vibration. Mogens Bang & 
Co. 

ee No. 86, Reader Inquiry Facility, page 169 


NONFERROUS CASTINGS — Facilities 
available to produce medium and large 
nonferrous castings are described in 8- 
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ALWAYS USE HANDY FLUX 
with EASY-FLO and SIL-FOS... 


to get the full benefit of the low flow points of 
these alloys which go from 1135°F to 1300°F. At 


1100°F. HANDY FLUX is fully 
liquid and active and dissolves 
practically all ‘refractory oxides, 
chrome oxide included. In addi- 
tion, HANDY FLUX has excel- 
lent cleaning properties and 
washes off readily in hot water 
after brazing. In convenient paste 
form, it is easy to brush on and 
stays put. For details write for 
Bulletin No. 9. 





m@ Requests for this new bulletin have been pour- 
ing in. And scores of letters have come in from 
design and production engineers praising the 
clear and complete way in which it presents the 
facts about low-temperature silver alloy brazing. 
Many of them say the information in the bulletin 
— particularly on joint design and on fast brazing 
production methods — has enabled them to speed 
up and improve some of their own metal joining 
work. Don’t miss out—write for a free copy of 


Bulletin 20 today. 


UE | 


bs HANOY & HARMAN 


82 FULTON STREET 


NEW YORK 38, N. Y. 





BRIDGEPORT, CONN. + CHICAGO, ILL. « 








LOS ANGELES, CAL. 








PROVIDENCE, R. |. © TORONTO, CANADA «+ AGENTS IN PRINCIPAL CITIES 
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OVERLOAD TRIP 
LIGHT DUTY 


RELAYS 


MIDGET LATCHING 
RELAY 


RADIO AND HIGH 


“as specified”’ 


Because all Leach Relays are quality 
engineered for dependable duty... 
they are specified first by leading 
manufacturers of industrial equip- 
ment of all types. If your equipment 
demands relays that are first and 
foremost, more dependable and 
longer lasting, specify Leach Relays 
... they're more dependable... per- 
formance proves st. Whatever your 
relay control problem... it’s a chal- 
lenge to Leach. Illustrated are but a 
few of the wide selection Leach 
provides industry, as standard 
equipment. 


RELAYS SHOWN ABOVE CAN BE SUPPLIED WITH VARIOUS 
CONTACT ARRANGEMENTS. WRITE FOR DETAILS. 


BETTER CONTROLS THROUGH BETTER RELAYS 


shLAY CO, 
S915 AVALON BOULEVARD, LOS ANGELES 3, CALIFORNIA 
Representatives in Principal Cities of U. S. and Canada 


page bulletin B-51. Castings from 
10 x 20 in. to 4 tons: aluminum, bronze, 
brass alloys. Jas. H. Matthews & Co, 


ee No. 87, Reader Inquiry Facility, page 169 


Feature Article 
REPRINTS 


Selected articles from each issue of 
ELECTRICAL MANUFACTURING are 
reprinted in complete, fileable form, 
Single copies of any new or previously 
announced title still available may be 
obtained by qualified readers without 
charge, by using the Reader Inquiry 
Facility on page 169 in this issue, or by 
addressing a company letterhead request 
to the Editor. 

Note that each reprint described be- 
low carries a key number which is re- 
peated in the reprint subject list in the 
Reader Inquiry Facility. Quantities are 
limited, and when the initial supply for 
any title is distributed no more requests 


can be filled. 


New Reprints Now Available 

The first three reprints listed below 
are new. The fourth is a rerun of a popu- 
lar title. Remainder are repeat titles. 


Report on Dielectric Research, Feb. 1951, 
12 p. Recent conference emphasizes 
practical developments; challenges 
need for fungus protection. (108) 


How to Lay Out Panels for Motor Con- 
trols and Wiring of Panels for Motor 
Controls, Jan. and Feb. 1951, 12 p. 
Panel types, standardization of com- 
ponents, electrical clearances, enclo- 
sure temperature, selection of wire for 
power and control circuits, terminal 


blocks and terminals. (121) 


Electric Drives with Speed Control, Dec. 
1950, Jan. and Feb. 1951, 20 p., com- 
bined reprint. Broad survey of all 
types; flexibility, range, speed regula- 
tion, type of power supply, relative 
complexity, cost; also, discussion of 
the basic problem of matching drive 


to load. (125) 


Universal Motors as Low-Cost Drives, 
Sept. 1948, 8 p. Balancing cost and 
performance in_ selecting winding, 
rating, commutator and bearing de- 
sign. (135) 


Making Electrical Contacts Stand Up in 
Control Service, Jan. 1951, 8 p. Causes 
for failure analyzed; advantages and 
limitations of contact materials tabu- 
lated; increasing contact life. (100) 

Design Ideas from Abroad, Dec. 1950, 
8 p. Survey shows many ingenious and 
advanced designs in recent European 
developments. (140) 


Performance of Magnetic Devices Used 
in A-C Control Circuits, Dec. 1950, 8 
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ADLAKE RELAYS AT WORK 
One of a Series of adverti 


ements on specific ADLAKE 


ADLAKE Relays Are Always on the GO! 


DEPENDABILITY is the watchword in traffic control—and traffic engi- 
neers in some of our leading metropolitan areas know that ADLAKE 


Mercury Relays can be depended on, year in and year out, in every 
type of weather. 


ADLAKE Relays are preferred in all types of traffic control—bridge 
and railroad crossings, fire lanes, cascade and switch lighting— 
because of their constant timing characteristics, compactness and 
ability to carry heavy loads. They are hermetically sealed against 
dirt and weather, and require no maintenance whatever. 


MODERNIZATION of old traffic control equipment is easy and eco- 
nomical with ADLAKE Relays, and ADLAKE engineers are always 
ready to work with you on your particular problems. For full infor- 
mation, just drop a card to The Adams & Westlake Company, 
1108 N. Michigan, Elkhart, Indiana. No obligation, of course. 


This traffic controller utilizes six ADLAKE “Mighty Midget” Relays, 
chosen for their compactness, sensitivity and heavy load characteristics. 


cA a : PTR Kt Was nt eed 


Manufacturers of 


Hermetically Sealed Mercury Relays for Timing, Established 1857 - ELKHART, INDIANA + New York Chicago 


Load and Control Circuits 
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The Bobbin Type Coils shown 
below are part of a complex air- 
craft instrument assembly. No 
larger than your little fingernail, 
these tiny coils are mounted on a 
common core and activate three 
indicator needles within the same 
dial. Extreme assembly care and 
microscopic inspection, at Coto, 
assure perfect operation under 
adverse flying conditions. 


When you need electrical coils, 
why not take advantage of 34 
years of experience, engineering 
competence, and modern produc- 
tion facilities. Coto coils are built 
for you, to your specifications. 


COTO-COIL CO.n <> 


COIL SPECIALISTS SINCE 1917 
65 PAVILION AVE 
PROVIDENCE 5, RI 


p. Operating characteristics as affected 
by voltage, frequency, stroke and 


force. (139) 
What About Electrets, Dec. 1950, 8 p. 


An outline and discussion of research 
and developments to date, with an 
annotated bibliography. (138) 


Design Limitations for Ceramic Parts, 
Dec. 1950, 8 p. Methods of fabrication 
and effect on tolerances; general de- 
sign specifications. (137) 


Teaming Up with the Defense Agencies, 
Oct. 1950, 8 p. Who handles what and 
how in the different categories of the 
defense organization. (136) 


Machine Tool Electrical Standards, Nov. 
1950, 12 p. Complete text of revised 
NMTBA Standards combined with 
J.L.C. Standards and comment. (134) 


Practical Factors in Applying Organic 
Finishes, Nov. 1950, 8 p. Paint and 
varnish technology, quality control 
and application methods. (133) 


Fundamental Approach to Color in De- 
sign, Oct., Nov. 1950, 12 p. Science of 
color, working color systems; specifica- 
tion, control and tolerances for func- 
tional and styling purposes. (132) 


How to Extend the Life of Electron 
Tubes, Nov. 1950, 8 p. Circuit design 
to cushion shocks; marginal checking 
circuits; operating practice. (131) 


Testing Coils for Shorted Turns, Nov. 
1950, 4 p. Production high-voltage test 
detects single-turn shorts. (130) 


Safeguards for Safety in Electrical Prod- 
uct Design, Oct. 1950, 12 p. Where, 
why and what safeguards are required; 
how hazards are avoided. (129) 


Timing, Counting, Selecting Circuits from 
Elevator Practice, Sept. 1950, 8 p. 
Basic circuits useful in solving auto- 
matic control problems. (128) 


Speed-Torque Curves on an Oscilloscope, 
Sept. 1950, 4 p. Complete curve traced 
during motor acceleration from stand- 


still to full speed. (127) 


Fluorocarbon Resins Appraised, Aug., 
Sept. 1950, 20 p. Properties and appli- 
cations for high-temperature stable, 
nonreactive materials with high dielec- 
tric value. (126) 


Printing Press Speed Control with Mag- 
netic Amplifier, Aug. 1950, 4 p. For 
shunt-wound d-c motors operated from 
ignitron rectifiers. (124) 


Cold-Rolled Electrical Strip for Rotating 
Equipment, Aug. 1950, 8p. Continu- 
ous strip material that gives longer 
die life and faster production. (123) 


What Is a “50 C” Motor? July 1950, 8 p. 
Motor temperature ratings in terms of 
“hottest spot” temperatures for various 
classes of insulation. (122) 


Beryllium Copper at Critical Points, June 
1950, 8 p. Service-free performance at 
lowest cost obtained in four parts for 
an IBM machine. (120) 


Matching Solenoid Characteristics to 
Load, June 1950, 8 p. Increasing effi- 








HF and UHF power leakage 
positively and economically 


controlled by 
new gasket material 


The unique combination of controlled ree 7 


siliency, stability and conductivity found jn 7 
Stripping” © 


Metex “Electronic Weather 
makes it particularly effective as a shield- 


ing material for such electronic applications 4 
as radar equipment, high frequency heating, 


television broadcasting and high frequeney 
communication. 


It is available in strips or in die-formed™ 


gaskets of the shape, size and volume re- 
quired by the particular application. Eeo- 
nomical in cost, the use of this material 
permits further savings in assembly time 


and eliminates much costly machining of 


closure surfaces that would normally be 
required. 


“Electronic Weather Stripping” 


The base material is a knitted—not wov- 
en—wire mesh which is made from any 


| metal that can be drawn into wire. Knitting 
| produces a mesh consisting of a multiplicity 
of interlaced loops which increase the nor- 


mal resiliency of the wire and, by their 
hinge-like action, permit freedom of motion 


| without loss of stability. 


These characteristics are retained even 
when multiple layers of this mesh are com- 
pressed to form gaskets or strips. The re 
sult is a compressible, resilient, cohesive, 
conducting material with a large internal 


| surface area. Where hermetic sealing is also 
| required, these gaskets are made in combi 


nation with neoprene or similar materials. 


Applications 


Among the varied applications where 
Metex “Electronic Weather Stripping” has 
already proved its effectiveness and ecom- 
omy are: Aircraft pulse modulator shields, 
wave-guide choke-flange gaskets, shielding 
metal housings, replacing beryllium -copper 
fingers and springs on TR or ATR tubes, 
and ignition shielding to prevent radi0 
noise interference. The facilities of our et 
gineering department are available at amy 
time to assist you in determining the poss 
ble adaptability of “Electronic Weather 
Stripping” to your specific requirements. 
A letter, addressed to Mr. R. L. Hartwell, 
Executive Vice President, and outlining 
briefly your particular problem will receive 


| immediate attention. 


Metal Textile Corporation 


| 641 East First Ave. 


Roselle, N. J 
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HOOVER HONED RACEWAY* 


POLISHED 
Polished Raceway surface 
magnified 100 times as 
used in other ball 
bearings. 


* HOOVER HONED 
Rocewoy surface magnified 
100 times, os used exclu 
sively in Hoover Ball 
Bearings. 


it's the 
raceway 
that 
makes the 


difference 


HOOVER 


Seetiea s 8812 


BALL BEARING 


with Honed Raceways 


90% longer life 
30% greater load 


Amazing Quietness 
AID 


The Aristocrat 
a a 


ciency and reliability; nine suggestions 
for selection and application. (119) 


Application of Low-Loss Plastics, May 
1950, 8 p. Significance of dielectric 
properties in design. (118) 


New Single-Phase Motors in Integral Rat- 
ings, April, May 1950, 16 p. Operating 
characteristics for capacitor types with 
ratings up to 20 hp. (115) 


Progress in Synthetic Mica, Mar. 1950, 
8 p. Status of coordinated research 
aimed at large-scale production. (113) 


Microwaves Offer New Control Func- 
tions, Mar. 1950, 8p. How the func- 
tions of photoelectric control and many 
others can be performed. (112) 


Stainless Steel Cuts Costs, Feb. 1950, 8 
p. Properties of 29 types and applica- 
tions in electrical equipment and ap- 
pliances. (110) 


How Small Can a Motor Get, Jan. 1950, 
4 p. Efficiency, iron and copper losses; 
improvements in materials and manu- 
facturing methods. (109) 


V-Belt Drives for Adjustable Speeds, Jan. 
1950, 8 p. Advantages and limitations 
of types for designed-in use. (107) 


Incompatible Standards, Dec. 1949, 4 p. 
How lack of standards affects designing 


products for a world market; progress 
being made. (106) 


Assembly Savings Through Fastening 
Analysis, Dec. 1949, 8 p. Case histories 
of electrical products showing cost 
savings. (105) 

Practical Factors in Applying Insulating 
Varnishes, Dec. 1949, 12 p. For coils 
and windings; importance of com- 
pounding, application and testing. (104) 


Electrical Count Control Devices, Nov. 
1949, Jan. 1950, 8 p. Types for de- 
signed-in use giving positive control 
of operations. (103) 


What the Armed Services Want, Mar., 
Apr. 1949, 8 p. Market for electrical 
and communication equipment. (102) 


Electrical Insulation— Navy’s Program 
Moves Ahead, Nov. 1948, 12 p. Devel- 
opments in glass-silicone and other 
arc-resistant laminates. (101) 


Bulk quantities (five or more) of any 
reprint listed here for which a supply 1s 
still available may be obtained at the 
following prices per copy on orders ac- 
companied by remittance: 


Quantity Number of pages in reprint 
ordered 4-8 12 16 or more 
5 $0.50 $0.60 $0.70 
10 0.35 0.45 0.55 


25 0.30 0.40 0.50 
50 0.25 0.35 0.45 


As a special service to Librarians to 
whom copies of ELECTRICAL MANU- 
FACTURING are addressed, a maximum 
of five copies of any one title will be 
supplied without charge. Quantities of 
six or more are available at the price 
schedule above. 
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Puts new light on “visibility” 


—the crystal clear plastic front with clean, rounded edges floods 
the scale with unobstructed natural light. The dial sets well up into the 
translucent cover, permitting full natural lighting from the top, 


sides and bettom. (No bezel or case rim interrupts light from any angle.) 


—Another advantage—the full, open dial on this 
new 3” instrument gives much longer scale length than on conventional 


three-inch meters, yet the mounting and panel space is exactly the same. 
—Your name or trademark can be shown with colorful emphasis. 


Now—with competition getting 
keener—is a good time to improve your panels, 


Take a look at Model 321 PL soon. 


FOR THE MAN WHO TAKES PRIDE IN HIS WORK 


TRIPLETT ELECTRICAL INSTRUMENT CO., BLUFFTON, OHIO, U.S.A. 
In Canada: Triplett Instruments of Canada, Georgetown, Ontario 
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ets G’s The answer is “When they perform 
MECHANICAL 


SHOCK 


OPERATING 


dependably under the conditions of shock and 
vibration for which they are recommended.” 

That means you can safely use these little 
multipole d-c relays on a wide variety of port- 
able, mobile, aircraft, ship and commercial ap- 
plications where shock does not exceed the 


SHOCK 
exceptionally broad limits indicated at the left. 


qs G’s 
~ VIBRATION Write for Struthers-Dunn Data Bulletin 2610. 


STRUTHERS: DUNN 


STRUTHERS-DUNN, INC., 150 N. 13 


BALTIMORE @e BOSTON e BUFFALO @e CHARLOTTE @e CHICAGO e CINCINNATI 
CLEVELAND @ DALLAS @ DETROIT @e KANSAS CITY e LOS ANGELES 
MINNEAPOLIS @ MONTREAL @e NEW ORLEANS @e NEW YORK e PITTSBURGH 
ST LOUIS e SAN FRANCISCO e SEATTLE © SYRACUSE @e TORONTO 
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MEN in 
INDUSTRY 


William Hargreaves is now vice presi- 
dent in charge of engineering of Transi- 
coil Corp., New York. Mr. Hargreaves 
has been developing servo motors, 


John R. Howland has been named 
head of newly established Corporation 
Office of Product Research for Stewart- 
Warner Corp., Chicago. Mr. Howland 


JOHN R. HOWLAND 


was formerly assistant to the president 
of Zenith Radio Corp., Chicago; prior 
to this he was with the Philadelphia 
Storage Battery Co. 


H. Geo. D. Nutting, who was vice 
president and manager of the Package 


| Testing Machine Div. of L. A. B. Corp., 


Summit, N. J., is now vice president of 


| Seaboard Engineering Company of New 
| Jersey, Parsippany, N. J. 


Everett §S. Lee, formerly executive 
engineer of the Engineering Laboratory, 


| General Electric Co., Schenectady, N. Y., 


has been appointed editor of the “Gen- 
eral Electric Review.” Mr. Lee succeeds 
Edward C. Sanders who recently retired. 


Dr. A. V. Astin, chief of the Electron- 
ics and Ordnance Division, has been ap- 
pointed associate director of the National 
Bureau of Standards, Washington, D. C. 
He will be responsible for the activities 
of the Divisions of Electronics, Ord- 
nance Development, Missile Develop- 
ment, and the Office of Basic Instru- 
mentation. 


Oakley F. Hoyt is now director of 
defense production, Hudson Wire Co., 
Ossining, N. Y. 


Theodore A. Smith, who has_ been 
head of sales activities for the RCA 
Engineering Products Dept., RCA Vic- 
tor Div., Radio Corporation of America, 


| Camden, N. J., has been appointed as- 
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Product improvement and lower cost are 
two direct routes to increased sale-ability 
and in many applications, Hussey 
Copper provides the answer on both counts. 
Designing with this ageless metal assures 
both lifetime durability and lasting beauty 
. . along with outstanding corrosion resist- 
ance and unmatched electrical and thermal 


conductivity. In addition, Hussey Copper 
offers the cost-cutting advantage of easy 
forming and fabrication, and rapid assem- 
bly by brazing, crimping, riveting, bolting, 
or laminating to other materials. 
Adaptable Hussey Copper is available 
in shapes, sizes and gauges to meet every 


need. 
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Sheet... Strip... Coils... 
Fabricated Products (Rods ... 
Wire ... Tubing... Nails) 





C.G. HUSSEY & COMPANY 


(Division of Copper Range Co.) 
ROLLING MILLS AND GENERAL OFFICES: PITTSBURGH, PA, 


7 convenient warehouses to serve you 
PITTSBURGH, 2850 Second Avenue © CLEVELAND, 5318 St. Clair 
Avenue « NEW YORK, 140 Sixth Avenue « CHICAGO, 3900 N. Elston 
Avenue ¢ ST. LOUIS, 1620 Delmar Boulevard © PHILADELPHIA, 
1632 Fairmount Avenve ¢ CINCINNATI, 424 Commercial Square 
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CONTROL HEATED SURFACES 
WITH ULANET SHOCKPROOF 


Strip Type 


THERMOSTATS 


A rugged design that stands up in 

rugged service. Self-locking adjust- 

ment provides close, positive, 
quick control. 


MODEL HK 


% The live metal parts of this Ulanet unit 
are shielded by a nickel plated housing and 
Fiberglas insulated lead wires are provided. 
Heat resisting alloy metal parts are used in 
the thermostat construction to insure longer 
life. The thermal responding element car- 
ries no current and is mica insulated from 
the switch as are all other parts. Heavy 
duty heat-dissipating electrolytic silver con- 
tacts give positive control. 

Overall size of the unit is only 214” 
L, %4"W, Y%"H. Rating is 1500 watts, 
115-230 volts ac. Weight only 2 oz. Max- 
imum operating temperature 550°F. 


MODEL 
HS 
Without adj. shaft, 
knob & limit stop. 


Illustrated literature is available on many 
standard Ulanet Thermostats and Thermal 
Timers. Please state your requirements. 


GEORGE ULANET 
COMPANY 


418 MARKET STREET 
NEWARK 5, NEW JERSEY 


If your problem is Heat Control 
your solution is Ulanet— 
Precision Thermostats & Thermal Timers 
Exclusively Since 1931 


ELECTRIC HEAT CONTROL 
ENGINEERS 


sistant general manager of the depart- 
ment. Mr. Smith assumes the duties of 
W. Walter Watts. 


Vv. G. Murdock and J. V. McGuire 


Section, Allis-Chalmers Mfg. Co., Mil- 
waukee, Wis. 


Dr. 
Physics Laboratories, Sylvania Electric 


| 


director of engineering, Flushing, N.Y. 


Edward S. White has been appointed | 


assistant chief of advanced development, 
| Air King Products, Inc., Brooklyn, N. Y. 


Stanley Webster is now chief engineer 
of Beltone Hearing Aid Co., Chicago. 


Charles Bangert, Jr. and J. J. Pascher 


|have been appointed manager of engi- | 


| neering, and New York district sales 
manager, respectively, Trumbull Electric 


| Mfg. Co., Plainville, Conn. Mr. Bangert 


| was formerly assistant manager of engi- 
neering and Mr. Pascher was previously 
manager of the Hartford office, General 


| Electric Co., Schenectady, N. Y. 


Allan Easton, who was chief engineer 
of the production engineering division, 
TeleTone Radio Corp., N. Y., is now 
chief of microwave section, Radio Re- 
ceptor Co., Inc., Brooklyn, N. Y. 


G. M. Ruoff, formerly commercial vice 
| president of Locke, Inc., Baltimore, Md., 
is now vice president and general man- 
ager of the High Voltage Div., Porcelain 
Products, Inc., Parkersburg, W. Va. He 
is also a director of the company. 


H. Thomas Hallowell, Jr., has been 
elected president of Standard Pressed 
Steel Co., Jenkintown, Pa. He succeeds 
H. T. Hallowell, Sr., now chairman of 
the board. 


Ab Martin, formerly assistant manager 
has been appointed manager of the Fort 


Wayne (Ind.) Works, Apparatus Dept.. | 


General Electric Co. He succeeds C. H. 
Matson, recently named manufacturing 
| consultant for the Small Apparatus Di- 
visions Staff. 

| Sheldon E. Young, who was assistant 
| chief engineer, is now manager of the 
| newly formed Field Engineering Service 
Dept., The Barry Corp., Watertown 
| Mass. This department was organized to 
help designers in the analysis and solu- 
'tion of shock and vibration problems. 


| R. P. Ballou, formerly chief engineer 
| of Federal Electric Products Co., Hart- 
| ford, Conn., is now chief engineer of 
| Howell Electric Motors Co., Howell, 
Mich. 


| Harold G. Ingersoll has been elected 
| vice president of Borg-Warner Corp., 
| Chicago. Mr. Ingersoll will remain presi- 





have been named engineers in charge of | 
sales of the apparatus and unit substa- | 
tion groups, respectively, of Substation | 


R. M. Bowie, manager of the | 


Products Inc., Bayside, N. Y., has been | 
appointed to the staff of the vice presi- | 
dent of engineering, E. Finley Carter, as | 





Los Angeles « 


Making Fast, 


but 


Asr “<i 


In many cases, the secret of eco- 
nomical—and profitable—fastening 
operations in production is speed, 
both in getting parts together prop- 
erly and cutting costly fumbling 
with defective fasteners. 
Naturally, fastener quality is an 
important key to high-speed assem- 
bly. A good fastener—uniform di- 
mensionally and right for the job— 
can save its price many times over. 


Scovill makes good fasteners 


Scovill fasteners are made on special 
order only; no “bin” stock is carried. 
They are “custom-made” for each job. 


Recessed Head Screws * Sems 

Tapping Screws «+ Standard 

Machine Screws * Special Cold 
Headed Parts 


ae “ 
TL aa 


industrial Fastener Sales, Waterville Division 
Scovill Manufacturing Co., Waterville 14, Conn. 


Montclair, N.J. « Detroit « 


Cieveland e 


Wheaton, Ill. 
San Francisco 
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oC: 
a fetetet = ors = 
of initial permeability 


Loss Factor: 


at 1 me/sec 00016 00007 | .00005 | .00008 | .00008 | .00030 | .0003 | .000055 
at 5 me/sec 0004 0011 0008 | .0012 .002 00075 | .00155 | .005 - 
at 10 me/sec .0005 - 0017 00275 - - 








CERAMICS ano STEATITE CORP. 


oS GENERAL OFFICES and PLANT: KEASBEY, NEW JERSEY 
MAKERS OF STEATITE, TITANATES, ZIRCON PORCELAIN, FERRAMICS, LIGHT DUTY REFRACTORIES, CHEMICAL STONEWARE, IMPERVIOUS GRAPHITE 
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Low in Cost — Small in Size — Dependable 
in Performance — AC or DC 









“ee For radio 


transmitter panels 


For industrial 
smoke detectors 
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For auxiliary 
gas engine 
generators 







For television 
screen enlargers 
















































For automatic 


For photoelectric 
furnaces 


street lighting control 
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N ADDITION R-B-M General 

Purpose Relays are used on 
X-Ray apparatus, permanent 
wave machines, wire record- 
ers, automotive radio tele- 
phone communication equip- 
ment, vending machines, coin 
operated phonographs and 
many other applications. 





































: For 
jet aircraft 
preheaters 


What is your relay problem? Write Dept.A-3 today for Bulletin 570 











R-B-M DIVISION 
ESSEX WIRE CORP 


ogansport, Indiana 









MANUAL AND MAGNETIC ELECTRIC CONTROLS 
NDUSTRIAL, COMMUNICATION AND ELECTRONIC USE 





dent of Ingersoll Steel Div., at New- 
castle, Ind. 


Dr. Maurice Nelles has been appointed 
director of the Engineering Development 
Section, Borg-Warner Corp., Chicago. 
Dr. Nelles was formerly director of the 
Experimental Station and professor of 
Engineering Research at Pennsylvania 
State College. 


David Sloane, formerly assistant to 
Nathan Lester, Lester Engineering Co., 
Cleveland, is now vice president in 
charge of engineering development. 
David White, formerly vice president, is 
now president. The company designs 
injection molding and die casting ma- 
chines. 


David C. Prince, vice president of 
General Electric Co., Schenectady, N. Y., 
is now on the president’s staff. Harry A. 
Winne, vice president in charge of engi- 
neering, assumes the responsibility pre- 
viously held by Mr. Prince for the Engi- 
neering Laboratory at Schenectady. 
Ernest E. Johnson, formerly manager of 
engineering, Large Apparatus Div., Ap- 
paratus Dept., has been named to the 
new post of general manager for the 
laboratory. 


Joseph A. Despres has joined the staft 
of the Engineering and Production Div., 
Airborne Instruments Laboratory, Mine- 
ola, N. Y., as administrative assistant. 
Mr. Despres was formerly president and 
chief engineer, Bernard Rice’s Sons, New 
York, an electronic metal fabricating con- 
cern. 





Edwin Dorsey Foster, U.S.N. (Ret.), 
formerly chief of Naval Material in the 
office of the Secretary of the Navy, is 
now director of newly established Mob- 
ilization Planning Dept., RCA Victor 
Div., Radio Corporation of America, 


Camden, N. J. 


Dr. E. A. Lederer, formerly on the 
engineering staff of the Radio Corpora- 
tion of America, Harrison, N. J., has re- 
turned to Westinghouse Electric Corp., 
Bloomfield, N. J., as manager of the 
newly created Electronic Tube Div. 


C. E. Etzler has been appointed dis- 
trict sales engineer for Eastern Pennsyl- 
vania by the Reliable Spring & Wire 
Form Co.,. Cleveland. He will be lo- 
cated at 804 Roberts Ave., Drexel Hill, 
Pa. 


Francis J. Boucher, who was staff as- 
sistant to the manager of manufacturing 
of the Small Apparatus Divs., General 
Electric Co., Schenectady, N. Y., is now 
manager of manufacturing of the Small 
and Medium Motor Divs. 


E. C. Iverson, formerly in charge of 
product design and development of J. D. 
Adams Manufacturing Co., Indianapolis, 
Ind., is now chief engineer of The Tow- 
motor Corp., Cleveland. 


Arthur E. Akeroyd has been appointed 
New England product representative for 
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NEW JERSEY WOOD FINISHING COMPANY 


Electrical Insulation Department » WOODBRIDGE, NEW JERSEY 
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FURNACE 


FACTORY-A 
CONTACTS 


sell teal economy { 


What is the best way to attach a certain contact material 
to contact arms of another material for use in certain 
equipment under certain conditions? 


Stackpole not only has the answers, but likewise offers 

full facilities for handling this important operation in 

production quantities by the most suitable methods. This 
PLUS service to users of Stackpole contacts 
is a big factor in saving them money by 
eliminating scrap and in assuring maximum 
dependability for their products. 


 STACKPOLE CARBON COMPANY 
p ST. MARYS, PA. 
Helpful Contact Data 
Far more than a listing of Stackpole con- 
tact types, Catalog 12 contains a wealth 
of helpful data on contact materials and 
their applications. Write for yours today. 


All contact shapes and sizes in SILVER GRAPHITE e SILVER LEAD OXIDE 
SILVER NICKEL e SILVER MOLYBDENUM e SILVER TUNGSTEN e COPPER 
GRAPHITE « PRECIOUS METALS... and many other materials 


Russell Electric Co., Chicago, subsidiary 
of the Raytheon Manufacturing Co. His 
office is in the John Hancock Building, 
Boston. 


W. M. Miller, who was head of the 
East Boston (Mass.) Lamp Works, Gen- 
eral Electric Co., is now manager of the 
Mattoon (Ill.) Lamp Works. He succeeds 
Carl Lenz, who is now with Locke, Inc., 
a General Electric affiliate, Baltimore, 
Md. R. F. Johnson, formerly on the staff 
of the Memphis (Tenn.) Lamp Works, is 
now manager of East Boston Lamp 
Works. 


COMPANY BRIEFS 


Worthington Pump and Machinery 
Corp., Harrison, N. J., has acquired the 
land, buildings, and equipment of Na- 
tional Transit Pump and Machine Co., 
Oil City, Pa. Plant covers 500,000 sq ft 
and will be used to produce equipment 
for national defense program. 


General Controls Co., Glendale, Calif., 
is going to erect a factory and ware- 
house on McCormick Blvd., Skokie, Il. 


The Black & Decker Mfg. Co., Tow- 
son, Md., has purchased 180 acres at 
Hampstead, Md., for a branch plant. 


Westinghouse Electric Corp. is going 
to erect two buildings on Braddock Ave. 
in East Pittsburgh, Pa., for the produc- 
tion of electric generators. 


Stanley Electric Manufacturing Co., 
Philadelphia, has leased the ground floor 
of the building on the southwest corner 
of Hancock and Westmoreland Sts., 
Philadelphia. Floor area is approximately 
18,000 sq ft. 


Acme Steel Co., Chicago, has been 
licensed by United States Steel Co., 
Pittsburgh, to manufacture Cor-Ten, 
corrosion-resistant, alloy stee] developed 
by Carnegie-Illinois Steel Corp. 


Carpenter Steel Co., Reading, Pa., is 
going to construct a hot-rolling mill for 
the production of tool, stainless and 
alloy steels. 


Condenser Products Co., Chicago, re- 
cently destroyed by fire, will resume 
operations in larger quarters at 7517 
North Clark St. 


Henderson-Spalding Co., England, has 
appointed the British Overseas Mart, Inc., 
800 Fourth Ave., New York, as Americar 
agent for licensing its Technograp! 
process for printed-circuit production. 


Cummins Business Machines Corp., 
Chicago, has changed its name _ to 
Cummins-Chicago Corp. 


Barrett-Cravens Co., Chicago, and 


Crescent Truck Co., Lebanon, Pa., manu- 
facturers of electric industrial trucks and 
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When a thermometer 
measures your 
reputation... 


ELECTRIC 


When a customer’s cold-weather comfort depends on 
an oil burner bearing your name, that burner had 
better deliver warmth as wanted, reliably and without 
breakdown! That’s why so many burner manufacturers 
power their products with Hoover Motors! 

Hoover oil burner motors give smooth, quiet, de- 
pendable service, even under conditions of hard, con- 
tinuous use. They're specifically designed to meet burner 
needs, and they’re built like motors costing far, far more. 

There are many other Hoover Motors, 
too—for many other applications besides 
oil burners. In fact, if you make ANY 
motor-powered equipment, you'll un- 
doubtedly find a Hoover Motor to fit 
your needs...to help YOUR reputa- 
tion measure up! 


Hoover Oil Burner Motors in rat- 
ings of Ye and % HP are built 
to conform with NEMA mounting 
standards... are approved by 
Underwriters’ Laboratories... 
feature 1725 RPM speed, long- 
life bronze sleeve bearings, and 
totally enclosed construction. 


Write today for complete infor- 
mation—on oil burner motors or on 
other motors for other purposes. 





THE HOOVER COMPANY 
Kingston-Conley Division 
68 Brook Avenue 
North Plainfield, New Jersey 
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« better designs with 
‘ACE MOLDED 
HARD RUBBER 


Here's an “idea kit” guaranteed to stir your imagi- 


nation and give you a hat full of hints for improving your products 
with strong, durable, corrosion-resistant, and electrically excellent Ace 


Hard Rubber. Yes, a few of the newer Ace plastics are included, too. 


The kit shows how every property of hard rubber can be used to best 
advantage. It demonstrates cost-saving hints in molding, and shows 
a wide variety of design techniques, including inserts, shrink fits, ma- 


chined parts, extruded parts, parts that are blown like glass bottles, etc. 


Our sales engineer in your territory will be happy to spread these ideas 
out on your desk at the drop of a postcard. If you have a particular 
problem in mind, mention it. Chances are we’ve done something 
similar in our 98 years and can bring a sample of 


that along, too. Write today. 


Have you a copy of the Ace Hard 
Rubber & Plastics Handbook? If not, 
just ask: 


HARD RUBBER and PLASTICS 


WS NU Uae aN Bf 


11 MERCER STREET © NEW YORK 13, N. Y. 


tractors. have merged. The Crescent 
| Truck Co. will be operated as a division 
- Barrett-Cravens Co. 


| Olympic Metal Products Co., Inc., 

Phillipsburg, N. J., has acquired a larger 
plant for the manufacture of MIL-T-27 
transformer cases. The new facilities will 
more than double the production capac- 
ity of the company. 


Worthington-Gamon Meter Co., New- 
ark, N. J., formerly a_ subsidiary of 
Worthington Pump and = Machinery 
Corp., Harrison, N. J., has been made a 
| division. Robert R. Anderson, formerly 

| president, Worthington-Gamon Meter 
| Co., has been elected vice president of 

the corporation and general manager of 
| the new division. 


Reproduction Products Co. has moved 
to 9000 King St., Franklin Park, IIl. 


The Eastern Tube & Tool Co., Inc., 
manufacturer of wire and cable, has 
opened its new plant and general offices 

| at 75 Onderdonk Ave., Brooklyn, N. Y. 
; 

The Radian Instrument Co., formerly 
Geotronics Laboratories, Inc., 5535 Yale, 
Dallas, Texas, has moved to 1707 Cedar 
Springs Ave. The company designs and 
manufactures geophysical and electronic 
equipment. 


Electronics Dept., General Electric Co., 
Syracuse, N. Y., is building a_ 1-floor 
plant at Auburn, N. Y., for the Receiver 

Div. 


The Sessions Clock Co., Forestville, 
| Conn., has purchased Tyniswitch Ince., 
Middletown, Conn. The name will be 
changed to Tyniswitch Div. with manu- 
facturing facilities located at Forestville. 
| Electro-Connector Manufacturing Corp. 
has opened a new plant at 190 W. 
Glenwood Ave. in Philadelphia. 


| General Electric Co. has begun con- 
| struction on a 117,000-sq ft four-story 
| building at the present Tube Works in 
| Owensboro, Ky., for the manufacture of 
electron tubes. 


The Black & Decker Mfg. Co., pro- 
ducers of electric tools, have opened a 
new sales and service branch at 881 W. 


Delavan Ave., Buffalo, N. Y. 


Swedlow Plastics Co., Los Angeles, 
has opened a plant at 3435 Malt Ave., 
Los Angeles, and another at 333 North 
Meridian Rd., Youngstown, Ohio. 


The J. M. Ney Co., Hartford, Conn., 
manufacturers of precious metal alloys 
for electrical and electronic applications, 
has acquired a new plant in East Hart- 


ford. 


Corning Glass Works is constructing 
a 2-story Glass Center at Corning, N. Y. 
Center will include a library, museum, 
Steuben plant, lecture and study rooms, 
facilities for employees and a 2000-seat 
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How to keep a gearmotor’s 


teeth from chattering 


VEN when it’s turning a huge 
E chemical dryer, as shown below, 
this 20 horsepower U. S. Syncrogear 
motor does its job smoothly, quietly 
and efficiently. That’s because the 
motor’s reduction unit is mounted on 
Timken® tapered roller bearings. 
With Timken bearings on the output 
and pinion shafts, gears mesh quietly 
and accurately, and the motor is as- 
sured long, dependable life. 


Timken bearings hold shafts in 
rigid, positive alignment keeping 
gears in close, precise mesh at all 
times. Excessive wear on moving parts 
is prevented. No special thrust bear- 


ings are necessary to take the load of 
the helical gears because Timken 
bearings’ tapered construction ena- 
bles them to carry any combination 
of radial and thrust loads. 


Timken bearings easily carry the 
gear loads and the overhung belt 
pulley load because of the line contact 
between rollers and races which gives 
extra load-carrying capacity. Smooth 
surface finish and true rolling motion 
make friction negligible. 


Timken bearings normally last the 
life of the motor or machine in which 
they are mounted. That’s because 
they’re (1) engineered for the job, 


(2) made of Timken fine alloy steel, 
and (3) precision manufactured. 


To make sure you get all these ad- 
vantages in the machines you make 
or buy, insist on bearings with the 
trade-mark ““Timken”’. Timken bear- 
ings are backed by over 50 years of 
bearing research and development. 
The Timken Roller Bearing Com- 
pany, Canton 6, Ohio. Canadian 
plant: St. Thomas, Ontario. Cable 
address: ““TIMROSCO”. 


= 


This symbol on a product means 
its bearings are the best. 





LIZZZT P33 7 


Liz 
= 9 |S 
re 


How y, s. 
use Tims 


en 
20 bp. Syn, 


ELECTRICAL MOTORS 
rings in their 


lasting ehicien cy, assure 


IT’S TIMKEN BEARINGS FOR VALUE! 


To get the best value in bearings you may find this 


simple formula helpful: 


Va Ine = tity + service + public acceptance 


price 


Obviously a big advantage above the line gives you 
more value than a small one below. No other bearing 
can match the uniform high quality, engineering and 
field service and overwhelming public acceptance 


you get with Timken bearings. 


NOT JUST A BALL (NOT JUST A ROLLER 


MARCH 1951 


THE TIMKEN TAPERED ROLLER © 





BEARING TAKES RADIAL _ AND THRUST 








LOADS OR ANY COMBINATION 









Delicate fabrication 
or massive work, Kes- 
ter makes a special- 
ized flux-core solder 
(over 100,000 differ- 
ent types and sizes) 
that will do the job 
perfectly. Kester Sol- 
ders are made only 
from newly mined 
grade A tin and vir- 
gin lead. 


Kester Flux-Core Solders are not only preferred by 
industry, but individual workers also insist upon 
Kester to enable them to do their best work with a 
minimum of rejects. 


Saves Time 


A Kester Technical Engineer, with his wide experi- 
ence in industry, will specify the most efficient flux- 
core solder for your operation and will suggest the 
best method of application. 


SEN RE RS a 


ar a 


Kester Solder Company 


4209 Wrightwood Ave., Chicago 39 
Nework, N. J. Brantford, Canada 


Send for free manual 
“SOLDER and Soldering 
Technique’ 


KESTER 
THO) 35% 


Standard for Industry since 1899 
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auditorium for company and community 
purposes, 


ASSOCIATIONS 
AND SOCIETIES 


J. J. Jaeger Heads Electrical 
Standards Committee of N.M.T.B.A. 


Recently J. J. Jaeger, assistant chief 
engineer of Pratt & Whitney Div., Niles- 
Bement-Pond Co., West Hartford, Conn., 
became chairman of the Electrical Stand- 
ards Committee of the National Machine 
Tool Builders’ Association. Mr. Jaeger 
replaces W. B. Wigton who recently re- 
signed. John S. Madden, electrical engi- 
neer for The G. A. Gray Co., Cincinnati, 
Ohio, has been appointed to fill the 
vacancy in the Committee. Other mem- 
bers of the Committee are: B. T. Ander- 


J. J. Jaeger 


son, chief electrical engineer, Sundstrand 
Machine Tool Co., Rockford, Ill.; R. W. 
Dean, electrical engineer, Niagara Ma- 
chine & Tool Works, Buffalo, N. Y.; R. 
T. Fenn, electrical engineer, Bryant 
Chucking Grinder Co., Springfield, Vt.; 
W. E. Happel, assistant chief engineer, 
Landis Tool Co., Waynesboro, Pa.; and 
Kenneth Rexford, supervisor of electrical 
design, The Hydraulic Press Manufac- 
turing Co., Mt. Gilead, Ohio. 


ECPD ‘Annual Report 


Eighteenth (1950) Annual Report of 
the Engineers’ Council for Professional 
Development contains a record of the 
organization’s activities to improve the 
engineering profession and through engi- 
neers, the general competence of the na- 
tion. Included are: an article on “What 
is ECPD?”; a report on how ECPD is 
working to: improve methods by which 
a man becomes an engineer, increase the 
usefulness of his engineering studies, and 
clarify the procedures by which he be- 
comes recognized professionally. Finan- 
cial report gives an account of the money 
received by grants from the engineering 
societies and The Engineering Founda- 
tion. Also contained is a listing of the 
656 examined and accredited engineering 
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Srevilation 


TO RECEIVE A 


PRODUCTION 
SAMPLE 


Tn 


BUILT TO YOUR SPECIFICATIONS 


"Sa 
. em 
= 


: WE WI LL y without cost or any obli- 


gation whatever, design a PRODUCTION 
SAMPLE transformer (hermetically 
i vay sealed to JAN-T-27 or MIL-T-27 Gov- 
* ernment specifications), or open type con- 
struction, if unit is to be used for awarded 
prime or sub-contract work. Our approach 
stresses quality of product, efficiency in 
service and an alertness to techniques 
that discard the old for more functional 
methods. 
FR400 4000 cy 


SILChMeT ha Tr anu [lac 


























PRESIDENT 








SEND YOUR 
B/P 
SPECIFICATIONS 













TRANSFORMER 


c OR PORAT 1 
2734 N. PULASKI ROAD + CHICAGO 39, lt 
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| curricula in 142 engineering schools ot 
the country. Copies of the report may 
| be obtained from the office of Engineers’ 


CALENDAR OF MEETINGS 


Mar. 5-9—ASTM Spring Meeting 
and Committee Week, Cincinnati. 


Mar. 13-16—1951 Conference and 
Exhibition of the National Associ- 
ation of Corrosion Engineers, Ho- 


for marking plastic name me MAPKEN tel Statler, New York. 
plates, chassis panels, t Mar. 15-17—1951 Annual Meeting 
. of the American Society of Tool 
and other flat plastic surfaces ... 19A Engineers, Hotel New Yorker, 
Here’s a Markem machine—designed with the electrical field expressly in New York. 
mind—to let you imprint directly on plastic, wood, synthetic surfaces, wrinkle 
finish, metal containers ...either painted or unpainted. The 19A will mesh Mar. 19-22—The National Con- 
efficiently right into your production line—and save you time and money. vention of the Institute of Radio 
With this unique machine you get special features to make your marking Engineers, Waldorf-Astoria, New 
operation truly efficient and economical...a Time Control Dwell Clutch to York. Radio Engineering Show, 
regulate the length of time the printing head is in contact with material to be Grand Central Palace, New York. 
marked ...a printing head adjustable to four tons pressure, equipped with 
an electrically-heated, thermostat-controlled unit. Mar. 27-28—Committee D-20 on 
And—Markem’s special typeholding design lets you change variable data Plastics, American Society For 
swiftly and easily. Write, telling us your marking problem, today. The 19A— Testing Materials, Washington, 
or one of many other Markem machines—may be the time-saving. money-saving D.C. 
answer you ve been seeking. 
' a Mar. 28-30—Committee D-9 on 
Electrical Insulating Materials, 


Keene 29, Washington, D. C. 
New Hampshire Apr. 2-5—Spring Meeting, Amer- 


ican Society of Mechanical Engi- 
neers, The Atlanta Biltmore, At- 
lanta, Ga. 





Apr. 10-11—Westinghouse Ma- 
chine Tool Electrification Forum, 
William Penn Hotel, Pittsburgh. 


Apr. 16—Semi-Annual Meeting 
Packaging Machinery Manufactur- 
ers Institute, Hotel Dennis, Atlan- 
tic City, N. J. 


Apr. 17-20—20th Annual Pack- 
aging Exposition, American Man- 
agement Association, Auditorium, 
Atlantic City, N. J. 


Apr. 19-20—Annual Convention of 
custom drawn the Armed Forces Communications 


custom insulated Association, Drake Hotel, Chicago. 


© ©) Specify the electrical properties, flex- CUSTOM spooled nee Apr. 22-26—53rd Annual Meeting, 


ibility, tensile strength, laying speed, : The American Ceramic Society, 
uniformity and other characteristics you to your most exacting Palmer House Hotel, Chicago. 


must have. Our Hudson and Winsted Di- requirements 
visions will meet and maintain your spe- 
cifications. 


Yes, “Fine Wire Made Finer!” That’s why : 
Hudson-Winsted fine wires are the first a i edt gn 
choice of electrical, radio-TV and elec- search, engineering and pro- 
tronic manufacturers whose products are duction facilities are at your 
noted for reliability and long life. disposal. Let us quote! 


May 21-22—Committee E-11 on 
Quality Control of Materials, 
American Society For Testing Ma- 
terials, Cleveland. 


May 23-24—Fifth Annual Conven- 
tion of American Society for 
Quality Control, Hotel Cleveland, 
Cleveland. 


Hae, May 27-30—38th Spring Meeting 
f IMO. of the American Society of Refrig- 
a Wi l eration Engineers, Hotel Statler, 
. Detroit. 
general offices: ossining, n. y. ©) winsted division, winsted, conn. 
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Our six plants produce sleeve bearings in all designs 
and sizes; cast bronze bushings; rolled split-type bush- 
ings; bi-metallic rolled bushings; washers; spacer tubes; 
brecision bronze parts and bronze bars. 


Since 1899 
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heir controlled alloy quality and grain structure mean 

uniformity and strength, so that a thin-wall Federal- 

Mogul rolled split-type bushing can be specified without 
sacrifice of strength and can save materials, time and labor. 
Large production, in many varieties for hundreds of uses, can 
mean savings for your application. Quality control assures 
precision and meeting desired performance standards. We pro- 
duce in a great range of lengths, diameters and alloys. Oil holes, 
formed oil grooves, slots, cut-outs, standard or. special seams 
can be specified. For heavy duty, high precision and intricate 
shapes we manufacture a wide range of cast bushings to almost 
all bronze specifications. Ask your Federal-Mogul representa- 
tive, or write: 


FEDERAL-MOGUL CORPORATION + 11063 SHOEMAKER, DETROIT 13, MICH. 
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* 
MOSINEE plants fibres 
% 
for industry 


In Mosinee Industrial Forests, seedlings by 
the thousands are being planted annually to 
replace the trees used for products of indus- 
try, assuring future supply of fibres vital to 


many products. 


Also, on privately-owned acreage, Mosinee 
supplies the seedlings and know-how to con- 
vert otherwise waste land to fibre-producing 


forests for the future. 


This reforestation is the first step in the 
process of making Mosinee Fibres that 


work for industry. 


MOSINEE PAPER MILLS CO. 
MOSINEE, WISCONSIN 


By SI 
a N14: 


makes fibres work for industry 








Council for Professional Development, 
29-33 W. 39th St., New York, for $0.50 
per copy. 


Eta Kappa Nu Recognition Awards 


Dr. D. P. Campbell, professor at the 
Massachusetts Institute of Technology, 
Cambridge, Mass., is the winner of the 
Eta Kappa Nu Recognition Award to the 
1950 Outstanding Young American Elec- 
trical Engineers. Three honorable men- 
tions include: Andrew W. Edwards, 
Westinghouse Electric Corp., East Pitts- 
burgh, Pa.; Kenneth A. Kesselring, Knolls 
Atomic Power Laboratory, Schenectady, 
N. Y.; and Robert W. Mayer, General 
Electric Co., Schenectady, N. Y. The 
awards were established in 1936 by Eta 
Kappa Nu to recognize young electrical 
engineers for “meritorious service in the 
interest of their fellow men.” 


Islyn Thomas Elected President of SPE 


At the Seventh Annual National Tech- 
nical Conference of the Society of Plas- 
tics Engineers, Inc., held in New York, 
Islyn Thomas was elected the 1951 na- 
tional president. Mr. Thomas is president 
of Thomas Manufacturing Corp., New- 
ark, N. J. Walter O. Bracken, Hercules 
Powder Co., Wilmington, Del., was 
elected national vice president; Walter 
F. Oelman, vice president and general 
manager of Standard Molding Corp., 
Dayton, Ohio, was elected secretary; and 
William J. Dunnican, Synvar Corp., 
Wilmington, Del., is now treasurer. 


ADI Changes Name To 
Industrial Designers’ Institute 


In order to better indicate the scope 
of its members’ activities, the American 
Designers’ Institute has changed the 
name to Industrial Designers’ Institute. 
The Institute also reelected the entire 
1950 panel of officers for 1951; Paul 
MacAllister of Chicago is presidert. 


BOOK REVIEWS 


Primary Batteries—by George Wood Vin- 
al. Published by John Wiley & Sons, 
Inc., New York 18. 336 pp. $5. 


A well-written specialized treatment of 
primary batteries, this book offers a wide 
range of information on the history, 
theory, materials, chemical reactions, 
manufacture and operating characteris- 
tics. Much recent data are included which 
have been derived from the use of re- 
search tools such as the electron micro- 
scope, X-ray spectrograph, mass spectro- 
graph and the petrographic microscope. 
These tools have been applied to study 
the crystal structures of the solid phases 
resulting from discharge and the gases 
liberated during storage. 

Many new types of special batteries 
are covered including batteries for oper- 
ating at low temperatures, for producing 
large currents, for producing more energy 
per unit of weight, and those which re- 
main inactive until required for use. 
Practical detailed material is presented 
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SIMPLIFY 
PNEUMATIC 
DESIGN 


Provides Absolute 
smoothness of 


with this unique 
electrically - operated 


AIR CYLINDER with 
HYDRAULIC CONTROL 


Available as 
pte Tid Be -me Re 
or integral 
mounted side 
ee 
etal T tay) 


HC-12 HYDRO-CHECK 


ITH Bellows ‘“‘Controlled-Air- 
Power”’ you can combine the speed, 
economy and flexibility of air-power, the 
smoothness of hydraulic operation, and 


piston movement 
— eliminates the 
natural “bounce” 
or “springiness”’ 
of air. 


assembly. 


inter-locked electrical control, all in a 
compact, space saving, easily installed 


The Bellows Model BEM Air Motor 
(a double acting air cylinder) is a com- 
plete power unit in itself. Valve, electric 
valve operating controls, and speed 


Permits Positive 
Control of Piston 
Speed in Either 
or both directions 
and at any point 
in piston travel. 


controls are all built-in. The low-voltage 
built-in solenoid controls operate all day 
at high speed without hum, pounding, 
or excessive heat. 


When used in the same assembly with 


The Bellows Co. 
Akron 9, Ohio 


OFFICES IN ALL PRINCIPAL CITIES 


> EN 


eee a) 


the new Bellows Hydro-Check (an 
adjustable Hydraulic Resistance Unit) 
you obtain precision control and precision 
operation of pneumatic systems, easily 
adjusted to fit any operating requirement. 


As a design engineer you'll be interested 
in knowing more about the Bellows 
system of pneumatic operation and con- 
trols. We'd like to send you two new 
bulletins showing how “Controlled-Air- 
Power” operates. No cost. No obligation. 
Just drop us a note and ask for your 
copies of Bulletins 
AV-300 and CL-30. 
Address The Bellows 
Co., Dept: EM 351, 
Akron 9, Ohio. 


on copper and copper-oxide cells, silver- 
oxide and -chloride batteries, mercuric- 
oxide and vanadium dry cells and _ per- 
chloric-, fluoboric- and fluosilic-acid bat- 
teries. 

A complete chapter is devoted to stand- 
ard cells. Among other aspects it gives 
history, a general discussion, preparation, 
assembly, emf intercomparing and tem- 
perature control. 


Capacitors for Industry—edited by W. C, 
Bloomquist. Published by John Wiley 
& Sons, Inc., New York 16. 246 pp, 
$4.50. 


While written for the industrial plant 
engineer and utility power salesman “Ca- 
pacitors for Industry” contains much in- 
formation of value to the large machine 
designer who specifies capacitors to be 
used with the machine tool when in- 
stalled; also of help to the design engi- 
neer who also serves as the plant elec- 
rical engineer. Practical application data 
is given in tabular and curve form so 
answers to problems can be obtained 
readily. Examples are included to illus- 
trate the use of data and, where neces- 
sary, the step-by-step procedure for so- 
lution of practical problems. Among top- 
ics included are: power-factor fundamen- 
tals, instruments and measurements for 
power-factor studies, voltage improve- 
ment, application of capacitors to motors, 
automatic control, operating characteris- 
tics, and series capacitors. 


Industrial Instrumentation—by Donald P. 
Eckman. Published by John Wiley & 
Sons, Inc., New York 16. 396 pp. $5. 


Theories and principles of instrument 
operation and application are discussed 
in this analytical book covering mechan- 
ical, chemical and electrical instrumen- 
tation. Primary emphasis is given to the 
method rather than to the mechanism. 
Composition analysis instruments are 
treated in a chapter that covers emmis- 
sion- and absorption-spectroscopic analy- 
sis, mass-spectrographic analysis. Meth- 
ods of applying instrumentation to pro- 
cesses are presented with arrangement 
and selection of instruments. Also treated 
are instruments for mechanical measure- 
ments such as displacement gages, strain 
gages, force meters, velocimeters and 
accelerometers. High-vacuum intsrumen- 
tation is thoroughly covered. 


A Table of Powers of Complex Numbers 
—by Herbert E. Salzer. Published by 
National Bureau of Standards. Avail- 
able from Superintendent of Docu- 
ments, U. S. Government Printing Of- 
fice, Washington 25, D. C. 44 pp. $.25. 


Part of the National Bureau of Stand- 
ards Applied Mathematics Series AMS8, 
book contains the first extensive table of 
powers of complex numbers ever pub- 
lished. In this table, exact values of 
powers of complex numbers are given in 
Cartesian form for powers from 1 to 25 
and arguments with real and imaginary 
parts ranging separately from 0 to 10 in 
unit steps. Table is arranged essentially 
in order to magnitude of the distances 
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7 -.. only Mallory onite 
: 
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3 : elivers Top Performance | 
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| Many years of pioneering in powder metallurgy of incompatible 
7 metals enabled Mallory to originate the Elkonite group of : 
es is ; sige contact materials developed specifically for circuit breakers and 
ELKONITE CONTACTS | A et ’ 
| other heavy duty electrical equipment. 
; : 
Elkonite contacts are made by a unique 7 Today, Elkonite continues to stand out among all powder [ 
t and time-proved method which ss ) metallurgy contact materials...by virtue of a superiority which 
1 the combining of the desirable features | stems not only from the properties of the constituent metals 
- f basi tals which cannot be alloyed aa 
It Dasic metals “nN cannt 2 é ed. ; i i 
: Se ne ere : , | but also from the technique by which they are combined. 
: By this means, the high melting points | . ; , 
5 Mallory engineers have so developed this art that no other 
’ of tungsten, molybdenum, or their car- | My . ans aia 
; es material can equal Elkonite in conductivity, impact strength, 
bides, can be combined with the current- all ; : 
- - i iti | hardness, AR** factor, and heat resistance. : 
, carrying ability of silver and copper. | 
Elkonite materials are best known for Only by specifying true Elkonite, are you assured of top : 
; their hardness, resistance to mechanical performance . . . the result of precision compounding and years 
| wear and impact, resistance to erosion — | of experience with powder metallurgy for contact applications. 
j by arcing (AR factor), and resistance | ota a 
1 to sticking | That’s value beyond specification! 
J , ; 
; : Mallory contact know-how is at your disposal. What Mallory 
*Reg. U.S. Pat. Off. | has done for others can be done for you. 
**The ability of a contact material to | ; a: ie o ‘ 
$ withstand the erosion of an electric arc. In Canada, made and sold by Johnson Matthey & Mallory, Ltd.,110 Industry St., Toronto 15,Ontario 
i d bli 
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SERVING INDUSTRY WITH 





Electromechanical Products 


. . . ‘ ha? ee a ; tS 2 : 4% | 
, : GRE af M Mey WAM & CO.,In ez Resistors Switches 


f ; oe -_ TV Tuners Vibrators 
f 7 Electrochemical Products 

2 Capacitors Rectifiers 
5 Mercury Dry Batteries 

y Metallurgical Products 

’ mei Z Contacts Special Metals 
: P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA Welding Materials 


MARCH 1951 


SELF-LOCKING NUTS 


are 


GROWING 


in importance... 


It's because FLEXLOCs stay tight 
— simplify assembly, promote un- 
interrupted production and cut 
maintenance costs. 


FLEXLOCs offer these features: 
one-piece, all-metal construction 
— nothing to work loose or for- 
get, no serious temperature prob- 
lems; resilient, automatic locking 
sections, processed by our pat- 
ented method to provide 
FLEXLOC's closely controlled 
torques; and ample, positive re- 
sistance to the most chattering 
vibration, even after many appli- 
cations. 


Convince yourself with actual sam- 
ples! Let us know what size you 
need and we'll send them 
promptly, together with our latest 
FLEXLOC literature. 


FLEXLOC Self-Locking Nut, 
‘regular’ type. 


SPS STANDARD PRESSED STEEL CO. 
ee SL LA TN OTE SIRI A ARES LN 
JENKINTOWN 9, 


FLEXLOC Self-Locking 
Nut, ‘‘thin'’ 


type. 


™ 


FLEXLOC Self-Locking Nut, 
external wrenching type. 


PENNSYLVANIA 


of the argument values from the origin 
in the complex plane. Especially useful 
in the treatment of Taylor series involy- 
ing complex variables. 


Relay Engineering—by Charles A. Pack- 
ard. Published by Struthers-Dunn, Inc., 
Philadelphia 7. 640 pp. $3. 


This 6% x 4%-in. handbook completely 
covers the subject of relay engineering, 
Book first defines relays with respect to 
types of frame, magnetic structures, con- 
tacts and timing functions. Subsequent 
chapters cover topics such as: selection 
of relay for a specific task; application 
and circuits; typical relays; relay compo- 
nents; auxiliary equipment; relay instal- 
lation and service; and standards. Well il- 

-lustrated with charts, schematic diagrams 
and photographs of relays and relay ap- 
plications. 


Prevention of Deterioration Abstracts— 
published by National Research Coun- 
cil, 2101 Constitution Ave., Washing- 
ton 25, D. C. Approximately 2000 pp., 
looseleaf form. Subscription, $50 per 
year. 


Prevention of deterioration abstracts 
are classified under the headings: Bio- 
logical agents; electrical and electronic 
equipment; fungicides and other toxic 
compounds; lacquers, paints and_var- 
nishes; leather; lubricants; metals; mis- 
cellaneous; optical instruments and _ pho- 
tographic equipment; packaging and 
storage; plastics, resins, rubbers, and 
waxes; textiles and cordage; wood and 
paper. One volume, in looseleaf form, 
is published each year in monthly issues. 
Subject and author indexes are compiled 
annually to cover abstracts issued July 
through June. Subscription fee includes 
two sturdy binders and index tabs. 


Receiving Tube Manual—published by 
Tube Dept., Radio Corporation of 
America, Harrison, N. J. 370 pp. $0.50. 


Revised edition of this well-known 
tube manual has been augmented and 
changed to include new tube types and 
revised characteristics for former tubes. 
Included are descriptions and character- 
istics of kinescopes. Description and pres- 
entation of the older types has been lim- 

ed to essential basic data while detailed 

information is given on the newer, more 
important types. As in previous editions, 
the manual contains short chapters on 
fundamentals of electron tubes, explana- 
tion of characteristics, applications, in- 
stallation, testing and circuits. 


Papers on Radiography—published by the 
American Society for Testing Mate- 
rials, 1916 Race St., Philadelphia 3. 
100 pp. $1.75. 


Papers and discussions given at a ses- 
sion on radiography held at the 52nd An- 
nual Meeting of the ASTM correlate late 
developments on the subject. Three pa- 
pers deal with progress in the develop- 
ment and application of electrostatic and 
betatron-type X-ray generators operating 
at potentials above the familiar one-mil- 
lion-volt range. Another paper in the vol- 
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CLEVELITE* 
COSMALITE* 


LAMINATED PHENOLIC TUBING THAT 


MEETS THE MOST EXACTING REQUIREMENTS ! 






DEPENDABLE BElivekRies 



















Cleveland Container can relieve your pro- 
curement problems on phenolic tubing by 
assuring prompt deliveries. In fact, orders 
can be filled immediately on any number of 
the more popular sizes. 


Clevelite and Cosmalite have high dielectric 
strength . . . low moisture absorption . . . 
low loss . . . strength and good machine- 
ability. 

They are available in diameters, wall thick- 
nesses and lengths to meet special or new 
adaptations, with a grade for every need. 
Ask for samples. 


Why Pay More? — "CALL CLEVELAND" 


Ye CLEVELAND CONTAINERG} 


6201 BARBERTON AVE. CLEVELAND 2, OHIO 


PLANTS AND SALES OFFICES at Plymouth, Wisc., Chicago, Detroit, Ogdensburg, N.Y., Jomesburg,N.J. ff 
ABRASIVE DIVISION at Cleveland, Ohic 
CANADIAN PLANT: The Cleveland Container, Canada, Ltd., Prescott, Ontario 









REPRESENTATIVES 
NEW YORK AREA RT. MURRAY, 614 CENTRAL AVE, EAST ORANGE, N. J. 
NEW ENGLAND R. S. PETTIGREW & CO., 968 FARMINGTON AVE. 






See our exhibit #207 at the WEST HARTFORD, CONN. 
Radio Engineering Show in CANADA WM. T. BARRON, EIGHTH LINE, RR #1, OAKVILLE, ONTARIO 
New York City, March 19-22 
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SLIP RING 
ASSEMBLIES & 
_ COMMUTATORS 


‘ 
ACTUAL SIZE 


e DIAMETERS FROM 
.05 TO 24.0 INCHES 


e ABSOLUTE MINIMUM 
TORQUE FRICTION 


e MINIMUM 1000 V.A.C. 
HI-POT BETWEEN CIRCUITS 


¢ PALLADIUM AND RHODIUM 
FINISH TO PREVENT TAR- 
NISH, MINIMIZE FRICTION 


ELECTRO TEC supplies virtu- 
ally any type of Precision 
Miniature Slip Ring Assembly or 
Commutator to rigid mechanical 
and electrical specification. An ex- 
clusive manufacturing technique 
—hard silver plated to a precision 
machined plastic base and wire— 
forms a rigid assembly that easily 
withstands up to 12,000 rpm. Con- 
centricity and dielectric strength 
are superior to any other method 
of construction. Although Electro 
Tec products provide improved 
performance and extra dependa- 
bility, prices are strictly competi- 
tive. Write today for details. 


ELECTRO TEC 
CORPORATION 


4 


O. HACKENSACK, NEW JERSEY 


oS 


ume deals with the development and ap- 
plication of an X-ray machine for study- 
ing material and engineering parts in mo- 
tion. Other papers deal with progress in 
technique, specification of the radio- 
graphic procedure by technique calcula- 
tors and penetrameters, and the establish- 
ment of a general framework for stand- 
ards for the purchase of material and 
engineering parts on the basis of X-ray 
inspection. 


Economic Aspects of Atomic Power—An 
Exploratory Study Under the Direction 


of Sam H. Schurr and Jacob Marschak. | 
Published for the Cowles Commission | 


for Research in Economics by the 
Princeton University Press, Princeton. 
N. J. 289 pp. $6.00. 


Peaceful applications of atomic power 
is a comforting thought under present 
international conditions. The volume un- 
der review is a carefully documented 
study that deals with those potential ap- 


plications that at this stage seem most | 
feasible, or perhaps better described as | 
“the least remote.” This would cover (1) | 
generation of electricity from heat de- | 
veloped in nuclear reactors, and (2) | 
transportation of low-temperature heat | 


over short distances (as for residential 
heating). 
The study is methodical; it compares 


atomic and conventional power country | 
by country; and examines the effect of | 


atomic power in certain selected indus- 
tries, such as aluminum, iron and steel, 
cement and railroad transportation. Effect 
of atomic power on national and regional 
economies, including the effect of indus- 
trialization on backward areas, is also 
discussed. 


Weld Design—by Harry D. Churchill and 
John B. Austin. Published by Prentice- 
Hall, Inc., New York 11. 216 pp. $6.50 


plus postage. 


Concise volume on welded machine- 
base design explains in clear terms the 
answers to the practical as well as theo- 
retical problems of welded fabrication. 
Numerous applications are fully detailed. 
Complete information is given on how 
to specify a weld as to requirements of 
both strength and economy. Types of 
welded joints, their characteristics, ap- 
plications and their drawing symbols are 
explained. Information is presented on 
how to. specify: materials, materials 
preparation, electrodes and procedures. 
Complete chapter is devoted to explain- 
ing how to calculate costs. Extensive 
bibliography of magazine articles and 
books. 


Encyclopedia on Cathode-Ray Oscillo- 
scopes and Their Uses—by John F. 
Rider and Seymour D. Uslan. Pub- 
lished by John F. Rider Publisher, Inc., 
New York 13. 992 pp. $9. 


Comprehensive book on cathode-ray 
oscilloscopes contains 22 chapters and 
approximately 3000 illustrations. The 
book is divided into four sections: theory 
and operation of cathode-ray tubes and 


| oscilloscopes, applications section, com- 
| mercial oscilloscopes and related equip- 


a metal ball 
PROBLEM? 


Whether it is a pre- 

cision ball bearing 

or one of the other 
many ball applications in in- 
dustry, your problem will not be 
entirely new. Strom has been in 
on many ball problems and 
knows the importance of the 
right ball for the job. 

Strom has been making pre- 
cision metal balls for over 25 
years for all industry and can be 
a big help to you in selecting the 
right ball for any of your require- 
ments. In size and spherical 
accuracy, perfection of surface, 
uniformity, and dependable 
physical quality, there’s not a 
better ball made. 


Largest Independent and Exclusive 
Metal Ball Manufacturer 
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be hit the bulls-eye when you call upon 
Sprague application engineers to help you 
with critical capacitor problems. 

Skilled in applying the essentials of capaci- 
tor design to save space and cost in complex 
military and civilian electronic equipment, 
Sprague engineers are ready to serve you. 

If standard capacitors can solve your prob- 


lem, they have the industry’s most complete 
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line from which to recommend. If you need a 
special electrical or mechanical design to best 
solve your circuit or production problems, 
they will gladly work out the details without 
cost or obligation. 

Time is of the essence today. If you have a 
capacitor, interference filter, or pulse network 
problem, contact SPRAGUE by ’phone, wire, 


or mail without delay. 
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een CORDS . 


ORD SETS 


No electrical appliance can be a bit better 
than its Cord Set. Hundreds of leading man- 
ufacturers are now forestalling trouble that 
means CORDelirium to the ultimate user, by 
equipping their whole output with CORNISH- 
branded Cord Sets. Our engineers are con- 
stantly at work on special problems of this 
kind. Remember . . . ALL CORNISH units 
embody 


INTEGRAL ONE-PIECE 
MOLDED-ON PLUGS 


SURE CONTACT 
SPRING ACTION BLADES 


oe 
U-L APPROVED CORDS 


They ore designed and manufactured in 
accordance with the latest and most scien- 
tific principles . . . to build GOOD WILL for 
YOUR trademark through longer and more 
satisfactory operation on the job. 


is your best heat-resistant hookup and lead wire, U-L 
approved at 90°C. Not extruded plastic; uniform 
| diometer ossured, eliminating “blobbing” and “nick-| 
jing”. We have your gauge and color. Write today. 


RNa 
90 Church Street, New York 7, N. Y. 


Branch Offices 


PHILADELPHIA BRIDGEPORT CLEVELAND CINCINNATI CHICAGO 
eo} ee leas MINNEAPOLIS ST. LOUIS ATLANTA 
DALLAS DENVER LOS ANGELES SAN FRANCISCO SEATTLE 


ment, and a comprehensive compilation 
of complex waveform patterns. First 
section discusses principles of electro- 
static and electromagnetic deflection and 
focusing, mechanical characteristics, 
screens, electron gun, deflection systems, 
linear time bases, the basic oscilloscope 
and its modifications and synchronization, 
Section on applications includes informa. 
tion on phase and frequency measure- 
ments, non-linear time bases, auxiliary 
equipment, testing audio frequency cir- 
cuits, visual alignment of AM, FM and 
TV receivers, AF and TV testing by 
waveforms, transmitter testing, electrical 
measurements and other scientific and 
engineering applications. Third section 
contains schematics and circuit descrip- 
tions of most oscilloscopes produced by 
leading manufacturers. Final section on 
complex waveforms includes 1600 draw- 
ings of waveform patterns listing the 
harmonics and exact phase and amplitude 
of each. Three appendixes contain the 
characteristics of cathode-ray _ tubes, 
standard RTMA cathode-ray tube bases 
and information on photography, respec- 
tively. 

The book measures 8% x 11 in. and is 
printed in a double column format; 
bound in cloth. Bold-face headings and 
subheadings make subjects easy to locate. 
Also book contains an extensive bibliog- 
raphy and index. 


A Manual of Plastics and Resins In En- 
cyclopedia Form—edited by William 
Schack. Published by Chemical Pub- 
lishing Co., Inc., Brooklyn, N. Y. 576 
pp. $10. 


Some 1500 descriptions of materials, 
processes, products and equipment used 
in the plastics industry are listed alpha- 
betically in this 6 x 9-in. book. In addi- 
tion to the descriptive material, the book 
contains definitions of basic molding, 
fabricating and chemical terms. Cross 
references are used to aid in locating an 
article which may appear under more 
than one heading. Major fields of plastics 
applications, such as aircraft, automotive, 
electrical appliances, and_ refrigerators 
are all discussed and each article not 
only tabulates the plastics components 
used but also the specific plastics used 
for each and the properties which make 
it suitable for the purpose. The book is 
good for general reference but in some 
cases lacks necessary detail. 


Design of Electrical Apparatus, Third 
Edition—by John H. Kuhlmann as- 
sisted by N. F. Tsang. Published bv 
John Wiley & Sons, Inc., New York 16. 
512 pp. $6.50. 


As in previous editions, this textbook 
presents practical methods for designing 
the important types of electrical appara- 
tus—d-c generators and motors, a-C- 
generators and synchronous motors, it- 
duction motors and transformers. The au- 
thor gives a sound theoretical back- 
ground as well as a practical treatment 
of each of the machines considered. Each 
type of machine is covered as follows: 
explanation of construction, presentation 
of formulas, review of design limits estab- 
lished by practice and illustrations with 
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Solution for... 


THE CASE OF AN AUTOMATIC TRANSMISSION 





Howell Type K Motor. Offers constant 
performance in the presence of dirt, 
dust, fumes, and moisture. Sizes from 
3 to 150 H.P. at 1800 R.P.M. Either 
vertical or horizontal mounting. 





Howell makes specially designed 
motors—vertical, round body, flange 
and face mounting, built-in stator and 
rotor jobs, etc.—to meet a wide range 
of requirements. 


Howell welcomes the hard 
jobs. Here’s an example. 
This machine makes auto- 
matic transmission cases for 
a leading auto maker. It 
turns out 85 pieces an hour, 
has 27 stations, 83 cutting 
tools. It automatically drills, 
chamfers, reams, and taps all 
holes in ends, sides and top 
of the transmission cases— 
even shuts off automatically 
when tools need changing. 


That 20 Howell Motors were 
selected to power this job is 
a tribute to the quality and 
dependability of these preci- 
sion-built, industrial motors, 
and to the service Howell 
offers to manufacturers like 
yourself. 





Howell Sanitary Motors meet the 
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Read this if you need special motors 


Howell offers a unique job-engineer- 
ing service for special motor appli- 
cations. 


With it, you get: (1) cooperation of 
our engineering personnel; (2) prompt 
quotations on both standard and cus- 
tom motors; and (3) the ability to 
accurately manufacture custom-de- 
signed motors within reasonable time. 
We believe these services will save 
you, as a purchaser of electric motors, 
valuable time and money. 

May we apply our facilities and engi- 
neering ability to your problem? 






HOWELL MOTORS | 


HOWELL ELECTRIC MOTORS CO., HOWELL, MICH. 
Precision-built Industrial Motors Since 1915 














most exacting standards of the dairy 
and food industries. They contain no 
pockets, cracks, or crevices. Available 
for vertical or horizontal mounting. 
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Se Te specimen calculations. In this edition the 
te a oy . design constants and limits are revised ty 
YOUR C Y OF THIS conform with latest design practices, 
tw ce a 4. Copper tables are enlarged to include 
ts new wire insulating materials. New 
— : values of insulation thickness and clear- 
ance for armature slots have been added, 
Method for calculating the field current 
for a specified load and power factor for 
synchronous machines is changed to that 
adopted by the ASA. Method for pre- 
determining starting torque, pullin 
torque, starting torque given with sample 
calculations for single- and double-cage 
starting windings. New methods are 
given for determining motor dimensions 
and for determining the effect of satura- 
tion in the leakage flux path and calculat- 
ing the deep-bar effect of squirrel-cage 
rotors. Also book contains design infor. 
mation for small transformers used in 
control circuits and for power supply in 
electronic devices; sample design. 


~ 


60 pages of 
valuable informa- 
tion describing 

the entire 

line of 

Honeywell 
Automatic Controls 


Treatise on Powder Metallurgy—Vol. I; 
Applied and Physical Powder Metal- 
lurgy—by Claus G. Goetzel. Published 
by Interscience Publishers, Inc., New 
York 7. 928 pp. $18. 


This comprehensive book on powder 
metallurgy is divided into two _ parts; 
applied powder metallurgy and physical 
powder metallurgy. The first part covers 
industrial materials and products such 
as refractory metals and_ alloys, hard 
metals and compositions, electrical and 
magnetic materials and products, ferrous 
and nonferrous materials for structural 
parts, and porous products. Second part 
includes: comparison of physical prop- 
erties of sintered and fused industrial 
metals and alloys; survey of sintered 


Tue KIND of information you want, right at 
your finger tips . . . on pneumatic and electric 
non-indicating controls for temperature, pres- 


sure and humidity. 


Included are many types of switches and relays 
. .. temperature and pressure controllers. . . all 
types of valves . . . and scores of other inex- 
pensive, accurate and dependable controls. 


Catalog No. 8304 is complete and factual... 
contains detailed specifications for all prod- 
ucts, with complete supplementary price lists. 
It belongs in your files for ready reference... 
send for your copy today. 


MINNEAPOLIS-HONEYWELL REGULATOR CoO., 
Industrial Division, 4466 Wayne Ave., Phila- 
delphia 44, Pa. Offices in more than 80 princi- 
pal cities of the United States, Canada and 
throughout the world. 


Honeywell 


BROWN INSTRUMENTS 


metals and alloys for potential industrial 
use; stress analysis of sintered-metal 
structures; appraisal of testing methods 
for sintered metals; and_ theories of 
bonding and sintering. Book is well illus- 
trated with photographs of parts made 
from powdered metals, photomicrographs 
of the powder structures in parts and 
curves showing characteristics. 


STANDARDS 


Standard Flux Values 
for Mereury Lamps 
Using the new photometric units, 
NBS derives luminous flux val- 


ues for mercury-vapor lamps. 


TANDARDS of candlepower or lumi- 
\ nous flux for the incandescent and 
fluorescent lamps issued or calibrated 
by the National Bureau of Standards 
have been based on the new units since 
1948 when such values were first intro- 
duced in the United States following 
international agreement. For incandes- 
cent lamps the changes in values thus 
brought about were relatively unim- 
portant, being less than 1 per cent for 
lamps in common use. No changes were 
necessary for fluorescent lamps because 
their development has been so recent 
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Is ADDITION to being one of industry’s largest sup- 
pliers of Vulcanized Fibre, Phenol Fibre, Special Glass 
. Melamine and Silicone Laminates, Taylor Fibre Co. l 
im offers a complete fabricating service. In our modern fab- Heres a sure Way 
ed ricating department, we are equipped to handle any type — 
al of machining operation on Taylor Laminated Plastics. 





ds Skilled craftsmen, operating drill presses, milling ma- * 

of chines, borers, lathes, punch presses, automatic screw to Save time 

te machines and other units, can turn out parts to meet your wee 
hs most exacting specifications. Taylor Fabricating Service 


ad . ‘ : 
is streamlined to save time, trouble, and money for you. 


When parts are machined by Taylor, you relieve yourself reduce costs / 
of production and labor problems. Mistakes, rejects, - 
machinery breakdowns are our headaches. The scrap 
problem is ozrs. You have only to receive and give final 
inspection to the finished parts. These are delivered on 
time, ready for your production line. 





For a complete line of Laminated Plastics... for a fabri- 
cating service designed to save you time and money, call 
on Taylor Fibre Co. You'll find it pays! 


This new 1951 Taylor Catalog contains 
complete specifications and description 
of all Taylor Laminated Plastics. See 
for yourself how these versatile materials 
can help you produce your product 
or part better, faster and at lower 
cost. Ask for catalog EM3. 


TAYLOR FIBRE CO. 


NORRISTOWN, PENNSYLVANIA 


WEST COAST FACTORY: LA VERNE, CALIF. 


‘| EAD 
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for DEMONSTRATING AND 
TESTING AUTO RADIOS 


New Models . . . Designed for testing D. C. 
Electrical Apparatus on Regular A. C. Lines. 
Equipped with Full-Wave Dry Disc Type 
Rectifier, Assuring Noise-less, Interfer- 
ence-Free Operation and Extreme 
Long Life and Reliability. 


“NEW DESIGNS 
ANEW MODELS Yew LITERATURE 


“A” Bottery Eliminator, DC-AC Inverters 
Auto Radio Vibrators 
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| yellow, green, blue and violet regions of 





that they have always been calibrated in | 
terms of the new units, originally pro- | 
posed in 1938. Changes in the rated 
values for mercury lamps, however, are | 
as large as 9 per cent for one type. 
Chief advantages of the new system of 
photometric units are the establishment 
of the units on a reproducible physical | 
basis and the international standardiza- 
tion effected at the same time. In this 
system the unit of intensity of light is the 
candle, which is one-sixtieth of the inten- | 
sity of one square centimeter of a per- 


| fect radiator (known as a “black body”) 
| when operated at the temperature of | 


freezing platinum. The unit of flux of | 
light is the lumen or the flux in a unit | 
of solid angle from a source having an 
intensity of one candle. The candle- | 
power and luminous flux of lights whose | 
colors are different from the primary 
standard are evaluated by means of 
standard luminosity factors representing 
the spectral sensitivity of the average 
eye under specified conditions. 

The mercury lamp standards involved 
in this revaluation are the 400-watt and 
the 250-watt sizes. They were originally 
evaluated in 1936 by direct visual com- 
parison with the incandescent lamp 
standards in force at that time. Such 
comparison, however, poses one of the 


| most difficult of visual photometric prob- 


lems because the spectral distributions 


| of radiant flux in the two types of light 
| sources are of such radically different 


The incandescent light gives a 
continuous spectrum throughout the 
whole visible range. Light from the 
mercury arc, on the other hand, is con- 
centrated largely in a few lines in the 


types. 


| 


the spectrum. Even though calibrated | 
filters are placed over the incandescent | 
lamps to give an approximate color | 
match, there still remain the usual indi- | 
vidual observer differences. Although 
eight observers were used in the 1936 | 


| measurements and the photometric con- 
| ditions such as field size and brightness 
| were those accepted as standard for such 
| work, the final values were unavoidably 
| subject to considerable uncertainty, as 
| recognized at that time. 


The development of an accurate phys- 
ical photometer by the National Bureau 


| of Standards has made possible the re- 
| valuation of the candlepower and lumi- 
| nous flux of these mercury vapor lamp 


standards with greatly increased certain- 


| ty. There are two principal elements in 


this instrument: the thermopile detector 
with its amplifying and recording attach- 
ments and the luminosity filter by means 
of which the radiant flux incident on the 
detector is weighted to give a response 
proportional to that of the average | 
human eye. 

New values assigned to the 250-watt 
mercury-vapor lamps are 4.5 per cent 
lower than those formerly assigned visu- 
ally, while the new values assigned to 
the 400-watt mercury-vapor lamps are | 
9 per cent lower. Uncertainty in the | 
new values does not exceed 2 per cent, 
divided about 1 per cent for the physical 
photometer measurements of candlepower | 
and an additional 1 per cent for the con- | 
version from candles to lumens; results 
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CIRCUIT 
SELECTORS 


ROTARY SOLENOID 
OPERATED 


@ REMOTE CONTROL em 
© SELF-STEPPING OR 
EXTERNAL IMPULSING 
@ POSITIVE 
DETENT ACTION 


for REMOTE CONTROL 
of MULTIPLE 
COMPLEX CIRCUITS 


Many versatile designs of stepping, 
counting, adding and subtracting, 
latching, and circuit selecting re- 
lays are made possible by the 
combination of the Ledex Rotary 
Solenoid and wafer type rotary 
switches. Self-stepped or exter- 
nally impulsed, the device is im- 
mediately adaptable to many 
remote control applications. A 
choice of wire sizes permits a wide 
range of operating voltages and 
power requirements. Various types 
of mountings further increase its 
adaptability. In addition to its 
positive control of multiple, com- 
plex circuits, a reserve of mechani- 
cal power is available for the per- 
formance of duties other than 
switching operations. 

We supply to quantity users and 
solicit the opportunity to be of 
assistance in solving multiple cir- 
cuit relay problems. 


WRITE DIRECT TO 


111 WEBSTER STREET 


DAYTON 2, OHIO 
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What you can do to make the cui of Stands Steel 


oa oo further —/ 


| Tell your supplier exactly 
where you ll use Stainless 
and how youll fabricate it 


Keep these points 
in mind, too, when 
you order Stainless 


Minimize your scrap losses by 
ordering alternate multiple 
sizes that will cut to best ad- 
vantage, and that will allow the 
mill to utilize the maximum 
amount of good material. 

Indicate, if possible, accept- 
able alternates in composition, 
gage, size and finish, 
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AMERICAN STEEL & WIRE COMPANY, CLEVELAND - 
TENNESSEE COAL, IRON & RAILROAD COMPANY, BIRMINGHAM ~ 
UNITED STATES STEEL SUPPLY COMPANY, WAREHOUSE DISTRIBUTORS, COAST-TO-COAST - 


U°S°S STAINLESS STEEL 


+ TUBES - 


NATIONAL TUBE COMPANY, PITTSBURGH - 


SHEETS - STRIP 


‘Second guessing”’ and ‘“‘trial-and- 
error” specification of Stainless Steel 
are out of the question today with this 
vital material in such restricted supply. 
It’s up to you to do everything possible 
to get the right Stainless and then use 
it right. 

Your supplier—no matter who he is 
—can give you valuable help in this 
matter. He knows the advantages and 
the limitations of the various Stainless 
grades. And, since the supply picture 
varies from grade to grade, he may be 
able to suggest an alternate composi- 
tion that will speed up delivery and 
give equally good or better results. 


+ PLATES - BARS - BILLETS - PIPE 











COLUMBIA STEEL COMPANY, SAN FRANCISCO 


WIRE - 


Your supplier knows the fabricating 
characteristics of Stainless grades, too. 
Consequently, he may be able to sug- 
gest slight changes in your fabricating 
procedure that will speed up or sim- 
plify production. In other words, the 
better he understands your problem the 
better able he is to give you the Stain- 
less that will do the best job for you 
with the least trouble and delay. 

So give your supplier all the facts. 
And don’t forget to include a definite 
date for delivery . . . the date when you 
actually plan to use the material. It 
will help to distribute supplies as equit- 
ably as possible. 


UNITED STATES STEEL COMPANY, PITTSBURGH 


UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


SPECIAL SECTIONS 
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Are you tapping this source 
of helpful data? 


E ACH month a wealth of technical 
literature dealing with properties and 
applications of metals, nonmetallic ma- 
terials, electrical and mechanical parts, 
finishes, etc., is made available by 
manufacturing sources. 


Advance copies of these new bulle- 
tins, booklets and catalogs are care- 
fully checked and evaluated by editors 
of ELECTRICAL MANUFACTURING. 
Those releases judged to be of great- 
est significance to you, the product de- 
velopment engineer, are tersely re- 
viewed in the monthly feature “Man- 
ufacturers’ Literature.” 


Why not check immediately pages 
158-168 for the current month’s offer- 
ings? Use the handy Reader Inquiry 
Facility to request those pieces that 
tie in with your current needs or which 
you would like to have on tap in your 
files for future reference. 


And make it a habit to check these 
literature offerings each month. You'll 
find it a good way to keep abreast of 
new developments in materials and 
components that can aid you in your 
product design planning. 


Keep your “new literature” refer- 
ence file alive and up to date! 








obtained at another laboratory compaie 
favorably with those obtained at the 
National Bureau of Standards. By mutual 
agreement, effective August 1, 1950, all 
calibrations of mercury-vapor lamps are 


on the new basis. oOo 


New Bearing Greases 
For Extreme Temperatures 
Navy developments lead to greases 
suitable for use at —65 C to +250 C. 


I OW-TEMPERATURE performance in 
4 bearing lubricants is required for 
applications in military aircraft and for 
operation under Arctic conditions. On 
the other hand, small high-powered elec- 
tric motors require lubricants for opera- 
tion at temperatures of 200 C to 225 C, 
Presently available bearings and _lubri- 
cants are limited to temperatures lower 
than approximately 90 C. Because of 
the importance of this problem, (both to 
the Armed Services and industry) a Navy- 
Industry Committee, made up of various 
bearing manufacturers, grease manufac- 
turers, and motor manufacturers, with 
the Naval Research Laboratory as co- 
ordinator, was created in 1944 to study 
and accumulate information on low- and 
high-temperature bearing operation.® 

Greases suitable for use at tempera- 
tures ranging from —65C to +250C 
have now been developed by NRL. Be- 
sides their utility at high and low tem- 
peratures, the new lubricants will stand 
up under storage much longer than con- 
ventional greases, thereby extending the 
shelf life of equipment lubricated with 
the new compounds. 

In investigating the problem, NRL 
considered the use of copper phthalo- 
cyanine, a brilliant blue organic chemical 
outstanding for its ability to withstand 
heat and oxidation, properties which sug- 
gested its use for gelling the lubricant 
fluids. Conventional greases are gelled 
with soaps of fatty acids, which cause 
deterioration of the greases on long 
storage and also lose their ability to gel 
the lubricant fluid at temperatures much 
above 120C. 

This investigation has been successful. 
Various new greases are being produced 
at the laboratory for distribution and 
testing by various Department of De- 
fense laboratories and a number of con- 
tractors. Interested industrial advisory 
committee groups have also requested 
samples. There is ample evidence that 
these new materials will permit lubricat- 
ing bearings at temperatures of at least 
200 C. 

Results of these investigations, at this 
time, are: 

1. Copper phthalocyanine greases, 
with silicone-fluid bases, capable _ of 
withstanding 250 C (at least 150 C higher 
temperature than heretofore), are avail- 
able. 

2. Copper phthalocyanine greases 
made from petroleum or synthetic oils 
have longer stability in storage than the 
best of greases used in the past. This is 

*For an earlier evaluation of this program, 
see “Bearings and Lubricants for High-Tem- 


perature Motor Operation,” A. E Javitz, June 
1949 ELectRIcaAL MANUFACTURING, p. 110. 
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THE NEW 


TAILORED TO YOUR JOB 


Controls Corrosion— Saved Money! 


That's the record for Polyken Tape at 
this factory, which makes coils for 
radio and television sets. Here the 
wire leads are being taped down on 
the finished coil. 


Christopher! Columbus thinks were great ! 


We were going to write an ad about Polyken Indus- 
trial Tape No. 153, but found that it was unneces- 
sary. A report about the Columbus Process Co., Inc., 
in Columbus, Indiana, tells the whole story better 
than we could. Here it is: 


Polyken versus Electrolytic Corrosion—Polyken No. 153 the winner! 


‘Electrolytic corrosion is one of the most difficult 
problems facing the coil-winding industry in the 
manufacture of transformer coils for radio and tele- 
vision sets. Columbus Process Co., Inc., Columbus, 
Indiana, exercises the greatest care in the selection 
of insulation materials. 

‘Columbus Process Co., Inc., seeking a noncor- 
rosive industrial tape, requested the services of a 
Polyken Sales Engineer, who suggested the use of 


Polyken No. 153. 

‘The extreme thinness of Polyken No. 153 proved 
an advantage in controlling the ‘build up’ of the 
coil. The high tensile strength and tearing resist- 
ance of the corrosion-resistant cellulose acetate 
cloth, together with the excellent adhesion of the 
noncorrosive mass, provide the necessary strength 
for the holding job.”’ 

You may find a Polyken Industrial Tape that will 
do a better job for you, too. 


FREE SAMPLES. Write now for complete 


engineering data, plus samples of Polyken 


No. 153. Address Polyken, Dept. EMC, 222 
West Adams Street, Chicago 6, Illinois. 





Polyken Industrial Tape, Department of Baver & Black, Division of The Kendall Company 
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TEFLON 


ELECTRICAL PARTS 


Teflon’s outstanding electrical 
properties make it an ideal insu- 
lating material for high-voltage, 
high-temperature, high- or ultra- 
high-frequency service. Compo- 


nent parts fabricated of Teflon Z Ze \SS 
are finding a steadily increasing : 7, Hf WS 


number of applications in radio, 
radar, TV and other electrical ele oO 


and electronic equipment. 


Teflon’s loss factor is less than 0.0005; its di- 
electric constant only 2.0—at all frequencies 
measured to date. Teflon is serviceable through- 
out the entire temperature range of —110° F 
to 575° F. with negligible change in critical 
electrical characteristics. Teflon is tough, some- 
what resilient, weather-proof, has zero water 
absorption and is absolutely non-corroding. 


We manufacture all types of molded or ma- 
chined Teflon parts including coaxial spacers 
and coaxial connectors for electronic equip- 
ment, component parts for switches, relays, 
and contactors, as well as tube sockets, high- 
voltage brackets for power resistors, gaskets, 
specialties, etc. For more information request 
Catalog No. 400. Also available — Teflon 
sheets, cylinders, rods, tubing and bars. We 
are the cou ntry’s foremost manu factu rer of 


Teflon products. 


Teflon Products Division 


UNITED STATES GASKET CO. 


617 N. 10th Street « CAMDEN, NEW JERSEY 
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important to the Department of Defense 
since the shelf-lives of bearings, motors, 
and machinery lubricated with existing 
greases are rarely in excess of three years, 

3. Copper phthalocyanine greases us- 
ing synthetic diester oils (developed dur- 
ing the war at NRL) are expected to 
permit lifetime lubrication of instruments, 
fire control equipment, and _ electric 
meters. 

4. Using certain fluorocarbons, it is 
possible to prepare phthalocyanine 
greases ‘serviceable in the range from 
0 to 250 C. 

In order to utilize the upper range of 
temperatures indicated above, ball bear- 
ing manufacturers will have to make 
available bearings of tool steel or high 
chromium steel capable of withstanding 
these high temperatures for long periods, 
This development is in progress, how- 
ever, stimulated mainly by the reports of 
the work at the NRL and presented 
through the National Advisory Committee 
for Aeronautics and various industrial 
committees cooperating with the armed 
services. 

The work at the Laboratory is under 
the technical direction of Dr. W. A. Zis- 
man, head of the Lubrication Branch of 
the Chemistry Division and is being 
sponsored jointly by the Office of Naval 
Research and the Bureau of Ships. 000 


Powdered Metal—Tentative Method 
for Acceptance Tests on Structural Parts 
Made From Metal Powders, 8-50T, de- 
scribes procedures for testing a variety 
of pressed and sintered products made 
from powdered metals. Tests described 
include chemical composition, porosity 
and density for oil-impregnated and non- 
impregnated parts. Other data on 
methods of manufacture, dimensions, 
tolerances, mechanical properties, hard- 
ness, sample procedure, and certificate of 
tests. Tentative Definitions of Terms 
Used in Powder Metallurgy, 9-50T, is a 
glossary composed primarily of terms not 
generally used in the same sense in other 
fields; total of 112 terms defined. Tenta- 
tive Standard Tension Test Specimens for 
Pressed and Sintered Metal Powders, 
10-50T specifies a flat and a_round- 
machined tension powdered-metal speci- 
men to be used in the determination of 
tensile characteristics. Detailed drawings 
of each specimen are given along with 
list of apparatus required to make the 
specimens and recommended methods of 
die lubrication, compacting, sintering and 
testing. Copies of the tentative stand- 
ards may be obtained from the Metal 
Powder Association, 420 Lexington Ave., 
New York, for $0.25 each. 


Varnished Fabric and Paper—Four re- 
vised standards supersede the NEMA 
standards for black and yellow bias-cut 
cloth tape, No. 38-50, and for black and 
yellow straight-cut varnished cloth, No. 
45-11. These new standards provide prac- 
tical information concerning dimensions, 
physical properties, manufacturing, test- 
ing and packaging. The titles and prices 
are: Black Straight-Cut Varnished Cotton 
Fabric, No. VFI-1950, 8 p., $0.70; Yellow 
Straight-Cut' Varnished: Cotton Fabric, 
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QUALITY 


QUALITY 


Loc 
a Yetta ial EVERLOCK 


FOR YEARS, 


Standard Internal-External EVERLOCK 


WRITE TODAY FOR WNew 1950 CATALOG! 


It's off the press! It's YOURS .. . FREE! It 
gives ccmplete specifications on every Everlock 
Washer. Find out now how Everlock can help 
you safeguard the quality of the product you 
make. Write for new 1950 catalog today. 


mg On ee & COMPANY, 1642 W. HUBBARD ST., CHICAGO 22, ILL. 


IN DETROIT: SAM T. KELLER COMPANY, 2457 WOODWARD AVE. 


Standard Standard Standard Standard 
External Everlock Internal Everlock 80° Countersunk Everlock Internal-External Everloch 


the washer that has the edge 
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MEGOHMS 
MEGOHMS 
MEG 
MEG 
MEG 
MEGOHMS 
MEGOHMS 
MEGOHMS 
MEGOHMS 
MEGOHMS 
MEGOHMS 
MEGOHMS 


JELLIFF 
ALLOY 1000 
RESISTANCE WIRE 


This new material packs 1000 ohms/cmf—48% more than the widely- 


used nickel-chromium alloys. 


And what’s more, there’s no loss of other 
important physical and electrical proper- 
ties. High tensile strength—excellent sol- 
derability—TC of Resistance is 20—EMF 
vs Copper + 7 micro-volts—Coefficient of 
Expansion 13.9—remarkable Surface-Cor- 
rosion Resistance—and many more vital 
characteristics make ALLOY 1000 a money- 
making, prestige-building component of 
compact, precision resistors. For complete 
data, get Bulletin 25. 
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PACKINGS AND MECHANICAL SEALS 
CRANE PACKING COMPANY 
1824 CUYLER AVE., CHICAGO 13, ILLINOIS 
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No. VF2-1950, 8 p., $0.70; Black Bias- 
Cut Varnished Cotton-Fabric Tape, VF3- 
1950, 12 p., $0.75; and Yellow Bias-Cut 
Varnished Cotton Fabric Tape, No. VF4- 
1950, $0.75. Publications are available 
from NEMA, 155 E. 44th St., New 
York 17. 


Flexible Cords—Five new standards on 
flexible cords give construction require- 
ments, properties, testing procedures and 
standard dimensions for the different 
types. Multiple-Conductor Flexible Cords 
with Thermoplastic Insulation and Jacket 
(No. XC1-1950), of 22 pages, covers wire 
types SVT, SJT and ST. Parallel Multi- 
ple-Conductor Flexible Cords with Vul- 
canized Insulation and Jacket (No. XC2- 
1950), of 22 pages, covers POS] wire. 
Single- and Multiple-Conductor Flexible 
Cords With Vulcanized Insulation and 
Jacket (No. XC3-1950), of 22 pages, cov- 
ers wire types S, SJ, SO and SJO. 
Thermoplastic Parallel Multiple-Conduc- 
tor Flexible Cords (No. XC4-1950), of 
20 pages, includes types POTT 27 AWG, 
POT-64 18 AWG, POT-32 18 AWG and 
POT-32 16 AWG wire. Vacuum Cleaner 
Cord With Vulcanized Insulation and 
Jacket (No. XC5-1950), of 16 pages, cov- 
ers type SV wire. All publications are 
available from NEMA, 155 E. 44th St., 
New York 17; $1 per copy. 


Apparatus Noise Measurement—Test 
Code for Apparatus Noise Measurement, 
Z24.7-1950, establishes uniform methods 
of conducting and recording sound-level 
tests on apparatus. Standard is intended 
as a guide for those who use sound-level 
meters that meet requirements of the 
American Standard Sound-Level Meters 
for Measurement of Noise and Other 
Sounds, Z24.3-1944. Included are proce- 
dures for factory tests of equipment, field 
investigations, and sound-level specifica- 
tions. Section devoted to factory tests con- 
tains methods for measurement of direct 
air-borne noise, reflected and ambient 
sound. For field investigations, method of 
measurement of apparatus and ambient 
sound level are included. Copies of the 
Standard may be obtained from the 
American Standards Association, 70 E. 
45th St., New York, for $0.50 per copy. 


Rubber Products—This 652-page book, 
ASTM Standards on Rubber Products, 
includes all of the standard and tentative 
test methods and specifications pertaining 
to rubber products. Included are six 
standards on electrical protective equip- 
ment, three on tape, 13 on insulated wire 
and cable, four on electrical tests, 21 on 
physical tests of vulcanized rubber, eight 
on aging and weathering tests of rubber 
and five on low-temperature tests of rub- 
ber. Many other materials and subjects 
covered, Copies with heavy paper cover 
can be obtained from ASTM, 1916 Race 
St., Philadelphia 3, for $4.75 per copy. 


Fluorescent Lamp Ballasts — Third 
standard in a series of proposed specifi- 
cations for fluorescent lamp ballasts (See 
ELECTRICAL MANUFACTURING, August, 
1950, p. 174.) describes the ballast char- 
acteristics that have been found necessary 
to the proper operation of fluorescent 
lamps. In addition to definitions, standard 
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SMALL MOTORS 
FOR IMPORTANT JOBS 


tion which insures rigid and per 
alignment of motor shaft...oilless be 


MODEL C ...1/250 to 1/500 H. P. 

ole, shaded pole induction motor. 

tures include accurately aligned motor 
sBaft ...oilless bearings. 


MODEL D...1/50to 1/1 H. P. 
4-pole, shaded pole indugtion motor. 
Features include scientificallygfdesigned air 
intake ... dual cooling fans .. fself-aligning, 
oilless sleeve bearings. 


These Gengral Industries 


THE GENERAL INDUSTRIES Co. 
DEPARTMENT D e¢« ELYRIA, OHIO 


contains specifications for ballast markins, 
ballast performance and recommended 
operating temperature limits. Require- 
ments for ballast performance cover: 
starting, power output, cathode preheat- 
ing current, regulation, operating-cur- 
rent wave shape, supplementary cathode 
heating, voltage across starter terminals, 
radio interference suppression, noise, 
ballast heating, dielectric strength, and 
insulation resistance. Copies of the Pro- 
posed American Standard Specification 
for Fluorescent Lamp Ballasts, C82.1, 
can be obtained from the American 
Standards Association, 70 E. 45th St, 
New York 17, for $0.35 per copy. 


Watthour Meter Sockets — Prepared 
jointly by the Association of Edison Illu- 
minating Companies, Edison Electric In- 
stitute and NEMA, this 24-page standard 
presents engineering information on watt- 
hour and demand meter sockets. Stand- 
ard covers salient features of die-cast, 
stamped, ring and box or trough-type 
watthour meter sockets that are required 
to secure interchangeability. Limiting di- 
mensions, relative location of functional 
parts, terminal specifications, insulation 
specifications, temperature rise, materials 
specification and drainage requirements 
are given. Copies may be obtained from 
NEMA, 155 E. 44th St., New York 17, 


for $1.25 per copy. 
I P) 


Glass and Glass Products—Second edi- 
tion of ASTM Standards of Glass and 
Glass Products is a compilation of 18 
standard and tentative methods of tests 
and specifications. Included are specifi- 
cations and tolerances for glass yarn, 
woven-glass fabrics and tapes, woven- 
glass tubular sleeving and braids. Finally, 
425 definitions of terms relating to glass 
and glass products are included. Copies 
of this 116-page booklet with heavy paper 
cover can be obtained from the Ameri- 
can Society for Testing Materials, 1916 
Race St., Philadelphia 3, for $1.50 per 
copy. 


Manufacturers’ 
Publications 


For these selected publications on ma- 
terials, components, technical data and 
engineering services write direct to the 
manufacturer on company letterhead, 
mentioning ELECTRICAL MANUFAC- 
TURING as your source. 


D-C MOTORS, GENERATORS—Bul- 
letin B-4594 of 19 pages describes line 
of type SK d-c motors and generators 
with ratings from 1 to 30 hp and % to 
25 kw, respectively. Booklet contains a 
Transvision sequence showing construc- 
tion details. Features include rolled-steel 
frames, steel-angle feet, prelubricated 
ball bearings, cast-brass brushholders, 
stainless-steel brush springs, melamine 
rocker rings and separate series-field coil. 
Types, enclosures and mountings for 
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“"U" Shape 
Saves Space— 


windings can be inserted in 
the hollow of the wedge, 
closer to the top of the 
slot where the field is 
strongest. 


Low moisture content as- 
sures 


‘Snap- Break’’ 

—ends protruding from 
the slot can be snapped off 
with a flick of the wrist. 





High density means 
tougher wedges that 


‘Hold Their Shape” 





CHICAGO, II1. 

Complete-Reading Elec. Co., Inc. 

Insulation Manufacturers Corp. 
CLEVELAND, OHIO 

Insulation Manufacturers Corp. 
DAYTON, OHIO 

Insulation Manufacturers Corp. 
DENVER, COLO. 

Electrical Specialty Co. 
DETROIT, MICH. 

H. R. Brethen 
FRESNO, CALIF. 

Western Fiberglas Supply, Ltd. 
LOS ANGELES, CALIF. 
Electrical Specialty Co. 
Tri-State Supply Corp. 
Western Fiberglas Supply, Ltd. 


MILWAUKEE, WIS. 
Insulation Manufacturers Corp. 
MINNEAPOLIS, MINN. 
H. A. Holden, Inc. 
Insulation Manufacturers Corp. 
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INMANCO PRODUCTS ARE MANUFACTURED EXCLUSIVELY BY 


INSULATION 


MANUFACTURERS CORPORATION 
565 W. WASHINGTON BLVD., 


WHERE TO GET INMANCO 
FORMED FIBRE WEDGES 


MOBILE, ALA. 
Russell Electric Co., Inc. 





Pressure-Formed for 


Sturdier, FASTER 
Motor Slot Wedging 


Now you can get extra sturdiness, extra speedy assembly by using 
Inmanco Formed Fibre Wedges to hold motor slot windings tightly 


in place. 


Pressure-forming is the reason. It increases fibre density—makes 
these wedges really tough for top protection. High density also increases 
moisture resistance, assures exact retention of shape. This means smooth, 
quick insertion of the wedge into the slot. In addition, low moisture 
content guarantees excellent “‘snap-break”—wedge ends protruding 


from the slot can easily be snapped off with just a flick of the wrist, 
further speeding assembly. 


Eleven popular standard sizes of Inmanco Formed Fibre Wedges are 
available immediately from stock. Other special sizes can be produced 
quickly to your exact specifications. Standard 48-inch lengths are pack- 
aged in bundles containing 250 feet, or in bulk if 10,000 feet or more 
of a size are ordered. Wedges cut to the exact slot length, with either a 
straight or curved end for still easier insertion, can also be supplied. 


Write or phone for more information on tough, easy-to-use Inmanco 


Formed Fibre Wedges, now. 


find out more about 
Inmanco Formed 
Fibre Wedges. Ask 
for free sample card 
and bulletin. 








PEORIA 5, ILL. 
Insulation Manufacturers Corp. 
W. C. Johnson 


PITTSBURGH 22, PENN. 
Insulation Manufacturers Corp. 


PORTLAND, ORE. 
Electrical Specialty Co. 


SACRAMENTO, CALIF. 
Western Fiberglas Supply, Ltd. 


SAN FRANCISCO, CALIF. 
Electrical Specialty Co. 
Tri-State Supply Corp. 
Western Fiberglas Supply, Ltd. 


SEATTLE, WASH. 
Electrical Specialty Co. 
Tri-State Supply Corp. 


CHICAGO 6 


NEWARK, WN. J. 
Robert McKeown Co. 


OAKLAND, CALIF. 
Western Fiberglas Supply, Ltd. 
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Meeting Today's Needs 


in Design 
Achievement 


ATERIALS shortages—the restrict- 

ed use of key components—is now 
a daily challenge to engineers and designers 
of electrically operated products. It’s the 
job of these product development men to 
raise the standards of performance of all 
machines and equipment that are vital to 
the nation’s defense effort; also to maintain 
the highest possible level of quality on 
civilian goods production. 


The design job becomes more exacting 
under present emergency conditions. Hence 
engineers must be more alert than ever to 
improved and more economical techniques 
and be prepared to make optimum use of 
both conventional and new materials. 


ELECTRICAL MANUFACTURING isa 
prime source of ideas and stimulation for 
the men responsible for the development of 
all electrically energized products. The 
monthly editorial pages abound with timely 
ideas and suggestions that can be translated 
into better product designs. The editors 
are constantly combing the field for signif- 
icant new developments . .. setting up 
new targets for product design achieve- 
ment. 


Alert advertisers are showing in their 
pages how their materials, metals, com- 
ponent parts, equipment or finishes can be 
resourcefully applied; how they can solve 
specific product problems which the de- 
signer faces in these critical times. In point- 
ing out new opportunities for the product 
maker they are contributing significantly to 
the national production goal. 


many different applications. Westing- 
house Electric Corp., Box 2099, Pitts- 
burgh 30. 


RELAYS—Complete line of relays is de- 
scribed and illustrated in 60-page catalog, 
Types include: midget, general-purpose, 
multipole, latching, overload, heavy duty, 
time delay, sensitive, telephone, antenna 
transfer, and rotary. Separate data sheet 
on each relay gives general description, 
operating voltages, sensitivity, contact 
ratings, dimensions, weight and construc- 
tion details. Also hermetically sealed 
models. Price Electric Corp., Frederick, 
Md. 


ELECTRONICS PARTS—Variable auto- 
transformers, decade resistance units, 
precision resistors, potentiometers, vari- 
able air capacitors, fixed capacitors, in- 
ductors, filters, laboratory instruments, 
gear- and friction-drive dials, switches, 
knobs, binding posts and coaxial elements 
are described and illustrated in 22-page 
catalog 734-A. Description. specifications, 
ratings and price given for each part. 
Dimensional drawings give mounting 
data. General Radio Co., 275 Massachu- 
setts Ave., Cambridge 39, Mass. 


ALUMINUM—“The Aluminum Data 
Book” of 194 pages gives information on 
aluminum alloys and mill products: an- 
alyses, tempers, sizes, shapes, physical 
and chemical properties and fabricating 
specifications. Manual contains 117 tables 
containing data. In addition 33 pages of 
text discuss alloy designation system, 
temper designation system, heat-treatable 
and nonheat-treatable alloys, casting al- 
loys and foundry practice. Fabricating 
methods are described including blank- 
ing and forming operations, machining, 
forging, joining and _ surface finishing. 
Reynolds Metals Co., 2500 So. 3rd St., 
Louisville, Ky. 


FASTENERS—Line of metal fastenings 
including all types of bolts, screws, nuts 
and washers, as well as U and J bolts, 
threaded rods, taper pins, cotter pins 
and rivets is listed in 92-page catalog 
50. Bolt types: carriage, hanger, lag, 
machine, step, stove, stud tap and spe- 
cial. Nut types: cap, cold-punched, 
knurled, machine screw, semi-finished 
and wing. Screw types: cap, lag, slotted 
machine, Phillips machine, set, sheet- 
metal, self-tapping, socket head, thumb, 
wood and special. Washer types: flat, 
countersunk, split-lockwasher, _ internal 
and external lockwashers. Separate tables 
for each type give prices and head di- 
mensions. Fasteners are made of stain- 
less steel, brass, monel, silicon bronze, 
and naval bronze. Atlas Screw & Spe- 
cialty Corp., 450 Broome St., New York. 


GEAR MOTORS-—Sixteen-page catalog 
2247 describes gearmotors, motor-gear 
reducer combinations and _helical-gear 
reducers with ratings from 1 to 75 hp. 
Gear ratios range from 6.2:1 to 292:1 
and output speeds range from 280 to 
6.0 rpm. Tables give permissible over- 
hung loads, dimensions, selection data, 
service factors, and prices. Link-Belt Co. 
307 N. Michigan Ave., Chicago 1. 
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McCullough Tool Co. Glass Jet Perforators are mounted 
on an aluminum strip “gun” which is lowered into the 
oil well and fired electrically. The aluminum strip 
splits in half and is easily removed, while the special 
glass containers disintegrate into fine powder. 


Engineers use glass capsules to treat “sick” oil wells 


Dry or slow producing oil wells can often be re- explosion. Nothing is left in the casing that can 
claimed by perforating the oil well casings. Usual cause trouble. The glass is well able to withstand 
methods use metal cartridges fired from a ‘‘gun”’ temperatures up to 1200° F. and pressures up to 
lowered into the well. But this leaves the well filled 20,000 psi. And, being impervious to moisture and 
| with damaging debris and sometimes fails to make a corrosion resistant, the containers can be stored for 
deep enough penetration. To lick this problem, long periods and used in wet locations without 


, McCullough Tool Company engineers developed a affecting the charge. 


| unique shaped explosive charge with tremendous Not only did Corning have the right glass and 
| penetrating power. Lacking only a suitable con- manufacturing technique, but also the scientific 
| tainer, they took their idea to Corning. The result ‘‘know-how”’ to determine beforehand how this new 
| was the development of a special glass capsule. idea would work. That is why it will pay you to con- 
, With glass by Corning on the job, the problem sult with Corning before your idea reaches the blue- 
) was solved. The unusual containers are specially print stage. Start the ball rolling now by sending for 
tempered—the inside and outside layers under com- the bulletins, ‘‘Properties of Selected Commercial 
pression, the middle layer under tension—so that the Glasses’’ and ‘‘Design and Manufacture of Com- 
glass disintegrates into its original elements after the mercial Glassware.”’ 


CORN I NG GLASS WwoORKS CORNING GLASS WORKS, Dept. EM-3 Corning, N. Y. 
Please send literature checked: 


- 
I 
CORNING, NEW YORK | . 
O ‘‘Properties of Selected Commercial Glasses. 
§ : O ‘Design and Manufacture of Commercial Glassware.’ 
Comming meant weseach cx Gledbd | 
| 
| 
| 
| 


Se: 
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COMPANY __ - 
1851 * 100 YEARS OF MAKING GLASS BETTER AND MORE USEFUL + 1951 


Technical Products Division: Laboratory Glassware, Signalware, Glass 
Pipe, Gauge Glasses, Lightingware, Optical Glass, Glass Components 


ADDRESS. sakailaeniteailai 
CITY a STATE 
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want mostina 


Coil Base 


L) 


Better Insulation 

[|] More Winding Space 

[| Better Heat Dissipation 

_| Lower Moisture Absorption 
|_| Greater Strength 

(| Lighter Weight 


_ ff 
, - 
¢ 


PRECISION 


PAPER TUBES 


Precision’s spiral winding and die- 
forming under heat and pressure pro- ; 
vide coil forms with all the important : 
features listed above. And they can | 
be made to your exact specifications 
of the finest dielectric Kraft, Fish 
Paper, Cellulose Acetate or combi- 
nations . . . are available in 
round, square, oval, rectangular 
in any length, ID or OD. 

Write today for a free sample 


and new Mandrel List of over 
1,000 sizes! 


, 


a 2035 W. CHARLESTON ST., CHICAGO 47, 
PRECISION Plont #2, 79 Chapel St., Hartford, Conn. 


Also Mfrs. of Precision Bobbins 


Electrical Controls Automatize 
Dinnerware-Forming Machines 


(Continued from page 78) 


nected switches are also used for inching the platens, 

Heated Dies. The dies can be heated in a variety of 
ways by steam, gas or electricity. Electric heating was 
chosen primarily due to the simplicity of thermostat 
control. Contributing factor in the selection was the 
elimination of pressure regulators, traps, strainers, and 
piping required for the other methods of heating. Heat- 
ing elements providing 3000 watts per die are clamped 
to the inside of the die. Thermostat bulb is inserted 
into the side of the die. Control dial is located in the top 
lintel and extends through the cover readily available 
to the operator. Leads are plugged into a locking re- 
ceptacle in the lintel. Electrical disconnect for die 
changes consists only of removing the thermostat bulb 
and unlocking the receptacle. Fig. 6 is a close-up of 
the heated die arrangement. 


Jiggering Machine 


Functional operation of the jigger requires molds to 
be fed against a tool at the controlled speeds of 350 to 
800 rpm, and for spraying of water on the rotating ware 
for a controlled portion of the cycle. Molds are retained 
in the chuck at these high rotating speeds by the use of 
vacuum introduced through the hollow spindle of the 
hydraulic motor. The vacuum application and release is 
controlled by a cam-actuated valve operated by the 
moving platen. Connections for the vacuum and air 
and water for the spray are provided in the top of the 
clay box. 

Hydraulic Circuits on Jigger. There are three inde- 
pendent hydraulic circuits on this machine, one to 
operate the moving platen and two to operate the two 
hydraulic motors which rotate the molds. These are 
shown schematically in Fig. 7. The hydraulic tank, 
which provides a base for the motor and pumps, 1s lo- 
cated in the rear and is welded to the bottom platen 
in assembly. A 71%4-hp motor with a double extended 
shaft is required to drive the pumps. All pumps are of 
the vane type. 

The circuit controlling the moving platen is required 
to (1) raise the moving platen at controlled rates of 
speed ; (2) unload when not in operation; and (3) per- 
mit hand operation independently of the electrical con- 
trol circuit. Components are a pump, relief valve, a 
hydraulic control panel, a counterbalance valve, and 
a 21%4-in. bore, 8-in. stroke cylinder. Hydraulic control 
panel incorporates a solenoid-operated four-way valve 
and two flow control valves. 

Three raising speeds are provided: (1) rapid ad- 
vance, (2) coarse feed, (3) fine feed, and a rapid 
return stroke of the cylinder. Feed rates are controlled 
by dials on the face of the panel and are actuated by 
shifting the valve spool by cams or the hand control. 
Cams that shift the valve spool in the panel to the feed 
positions during the rise and to the “off’’ position at 
the bottom of the platen travel are secured to the 
moving platen. Feed rates are started approximately 
YZ in. to 34 in. before the ware engages the tool, the 
coarse feed being utilized to slow the rate of rise and 
the fine feed used to inch the clay into the tool for final 
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lf You Need Coils Like These... 


you need UNIVERSAL Coil Winders 


Lattice-type coils for television and radio. Wind 
one to four coils at once on the Universal No. 84 
Coil Winder, with (in most cases) a single opera- 
tor for two machines. 

Speeds are from 400 to 950 rpm, and a counter 
control provides instant automatic stop upon 
completion of coil. 

Quickly-adjustable “gainer”? mechanism, which 
accurately positions wire turns, and strap-type 
tensions help you get accurate, uniform winding. 
In-built calibration facilitates change-over. 

Write for Bulletin 84-LM. 


Non-insulated spool-wound coils. Wind coils 
on several heads at once, using the new Universal 
102 High Speed Coil Winder, and synchronize out- 
put on the basis of handling time per coil. 

Each head is individually operated, and you 
can so schedule the winding that certain heads 
will be producing while manual operations are 
performed on other heads. 

With a maximum speed of 5000 rpm, the High- 
Speed 102 is efficient for coils having up to 15,000 
turns. Oil seals make the machine oil-tight. 

Write for Bulletin 102-LM. 


UNIVERSAL WINDING COMPANY 
P. O. Box 1605 Providence 1, R. I. 
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FOR WINDING COILS IN QUANTITY 
BEGURATELY . . . 
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AUTOMATICALLY 





AUTOMATICALLY REGULATES 
DRYING CYCLE BY 


a 


AMOUNT OF LOAD AND 


MOISTURE CONTENT 


TO PRODUCE DESIRED DEGREE 
OF DRYNESS EVERY TIME 


All the user does is set the dial and push 
the starter button. The control then takes 
over—and here’s what happens, automatically: 


1. Both the heater and 
the motor are energized 


2. Amount of moisture 
and weight of clothes 
scientifically determine 
length of time dryer 
operates 


3. Control cuts heat 
switch when correct 
internal temperature is 
reached, but — 


4. Motor continues to 
run until all stored heat 
in drying chamber has 
been utilized 


5. Control economical 
to install. Write for in- 
formation, 


SINGLE 
UNIT CONTROL 


OF MOTOR — TIME — TEMPERATURE 


In home and industry, EVERYTHING'S UNDER CONTROL 


‘Robertshaw 


THERMOSTAT DIVISION 
ROBERTSHAW-FULTON CONTROLS COMPANY 


YOUNGWOOD, PENNSYLVANIA 
218 


| 
| 
' 


shaping. The “‘off’’ position of the spool recirculates oil 
from the pump directly to the tank at zero pressure. 

Hydraulic control is manually operated when the 
electrical control circuit is cut out to enable the oper- 
ator to set up the machine. A selector switch which cuts 
out the electrical control circuit is mounted directly 
above the hydraulic control panel (Fig. 8). This ar- 
rangement of all controls at one point makes it very easy 
for the operator to check his setup. The counterbalance 
valve prevents the moving platen from falling under 
its own weight, making it possible to raise the platen 
to its peak rise and to relieve the system of pressure 
while tool adjustments are made. 

Both hydraulic motor circuits are identical. These 
motors are required to start and stop instantaneously at 
predetermined points on the rise of the moving platen. 
Speed control must be infinitely variable between 350 
rpm and 800 rpm. Torque must be constant at any 
speed provided pressure is kept constant. A double 
pump with integral relief valve was used to simplify 
the power supply and hydraulic piping. 


Hydraulic Speed Control System 


The three methods of speed control available are the 
meter-in, meter-out, and bleed-off systems. Most satis- 
factory operation was obtained with the bleed-off sys- 
tem, since the meter-in and meter-out systems had 
objectionable surge characteristics at. the start of rota- 
tion. The bleed-off system bleeds off a part of the 
hydraulic fluid at low pressure before it reaches the 
hydraulic motor, and the more oil bled off, the slower 
the rotational speed. Valves can by-pass all the oil to 
the tank and thereby prevent rotation of the motor. 
This factor is Of importance in setting tools when it is 
necessary that the mold be stationary. Metering valves 
are dial controlled and are calibrated for various speeds 
required. They are located in the rear compartment 
above the hydraulic tank and are accessible by raising 
the hinged cover. 

Rotation is controlled by a four-way valve actuated by 
a cam secured to the moving platen. This valve operates 
to block the flow of fluid from the motor to the tank 
and at the same time to vent the relief valve, thereby 
unloading the pump and stopping rotation. To start 
rotation, the vent connection is blocked, closing the 
relief valve, and the line from the motor to the tank is 
opened permitting oil flow and motor rotation, 

Jigger Electrical Control Circuit. The circuit is re- 
quired to index the machine, control the moving platen, 
control the application of water to the clay, provide 
emergency stop provisions, and provide a switch to 
cut out the entire circuit for manual operation. Operator 
is provided with two controls, a foot switch to start the 
cycle and an emergency stop switch. A description of 
this circuit (Fig. 8) follows: 

Opening sequence of operation of the indexing 
mechanism through operation of limit switches LS-3 
and LS-4 is the same as in the press. Closing normally 
open switches LS-3 and L§-4 completes the circuit 
across the normally closed contacts of the emergency 
stop switch PB-4 to the solenoid S-4 of the hydraulic 
four-way valve. This shifts the valve, causing the platen 
to rise. The four-way valve is not spring centered, 
therefore continuous energization is not required. When 
the platen is raised to within %4 in. to % in. of its top 
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millions. 


COMPLETE EQUIPMENT FOR HIGH SPEED PRODUCTION 
Our plants are equipped with the mo n automatic 
high-speed pres f capacity: Stampings 
can be manufactur ifications from 
steel, stainless steel, alu A ass and numer- 


ous other metals. 
Up-to-date tool shop --° plus complete finishing equip- 
ment—including tumbling, polishing, sand blasting, heat 


treating and plating equipment—sseur® you of quick 
deliveries and high quality- 


FAST DELIVERIES - - - ONE SOURCE .-- ALL PARTS 


Stampings, lock washers, flat washers (to Government 
Specifications)» springs OF hose clamps - °° Garrett makes 
them all.-- and gives you quick deliveries- Write for new 


helpful folders: 


STAMPINGS to Armed Forces specifications 
‘tWASHERS” to Armed Forces Specifications 


K. GARRETT COMPANY, INC. 
A STREETS, PHILADELPHIA 34, PA. 


Manufacturers of 
S.+* LocK WASHERS ee FLAT WASHERS 


OTT ana wet 
IGEORGE GAR ‘ ar 
4. GARRETT COMPANY ITS. SPRINGS «°° HOSE CLAMPS 
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at 
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limit, it closes two normally open limit switches LS-7 
and LS-8. Switch LS-7 completes a circuit to electronic 
time delay relay TR-1. This timer provides an adjust- 
able delay up to one second for the water spray. Closing 
the contact 7R-1 energizes solenoid S-5, which opens 
the air valve and starts the water spray. After relay 
TR-1 times out, the contact TR-1 opens, ending the 
spray. 

Closing switch LS-8 energizes the coil of a mercury 
time-delay relay 7 R-2. This relay provides a fixed delay 
of 1.75 sec for the dwell of the platen during the jigger- 
ing operation. When relay 7-2 times out, the nor- 
mally open contact 7R-2 closes, completing a circuit 
to the solenoid S-6 of the four-way valve, reversing the 
valve and lowering the platen. 

Connected in parallel with the contact T7R-2 are the 
normally open contacts of emergency stop switch PB-4. 
Switch PB-4 is a two-pole single-throw switch with 
one normally open and one normally closed contact. 
Operation of this switch acts to break current to the 
solenoid S-4 and to energize solenoid S-6 of the four- 
way valve, thereby reversing it and returning the 
platen to the bottom position. This can be safely done 
at any point in the cycle. 


Conveyorized System Integrates Machines 


A conveyorized system, Fig. 9, combines the two 
machines into one integrated installation. Molds may 
be unloaded and loaded at any convenient position on 
the conveyor. Feeders to put measured slugs of clay 
on or in the molds are located at a sprocket at the side 
of the conveyor. The conveyor used here consists of 
stamped steel mold carriers joined together with wire 
cable on centers of 14.661 in. Operator now works at 
what was the rear of the machine, but a minimum num- 
ber of changes convert the machine. All that is neces- 


Fig. 11—Indexing control for conveyor drive. 


sary is to transfer the control panels from one side of 
the machine cover to the other and to rotate the top 
lintel and clay box 180 deg. Indexing mechanism and 
its controls are removed and replaced by the conveyor 
drive. 

Indexing conveyor drive, Fig. 11, consists of a 34-hp 
motor, a magnetic clutch and brake (shown with cover 
removed), a speed reducer, a six-point Geneva mech- 
anism and necessary gearing. The drive sprocket of a 
2:1 right-angle gear stepup is mounted on the same 
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Your blowers, appliances or power tools will have 
a competitive advantage, with this new feature. 


This is important mews for every user of general-purpose 
split-phase or capacitor-start ventilated motors! 
Emerson-Electric’s uniquely shielded starting switch was 
originally designed for power saws—which operate 
under the most difficult conditions. In addition to the 
excellent results reported on saw motors in daily serv- 
ice, tests have been conducted even to the extreme of 
pouring saw dust into the ventilated openings, while the 
motor is operating, without hindering the switch action. 


This improved switch involves no change in external 
motor dimensions, internal design (other than parts 
shown), or motor performance ... it is readily adaptable 
to any Emerson-Electric general-purpose motor employ- 
ing a cutout switch. It will eliminate motor failures 
caused by dust, dirt or lint on switch contact points. 


For complete information, write for Motor Data Bul- 
letin No. 116. 


THE EMERSON ELECTRIC MFG. CO. 
St. Lovis 21, Mo. 


The furnace blower is but one of many motor- 
ized applications where dust or other solid 
particles, in the atmosphere, create an opera- 


tional hazard to motor life. 


Before: 


Standard-type starting 
switch, mounted on 
inside of motor end 
shield, has exposed 
contact points. Dust 
entering through end- 
shield vents may lodge 
on points and prevent 
contact ...a possible 
cause of motor failure. 


After: 


Vital contact points are 
completely shielded. 
Insulating and metal 
washers are held firmly 
against the lower rim of 
the shield by a spring 
arrangement. This view 
shows shield, washers 
and spring cut away to 
show how they protect 
contact points. 


THN Leesa: 


MOTORS -« FANS a APPLIANCES 
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| shaft as the Geneva star wheel. This provides the inter- 
mittent motion required by the conveyor. A second 
rightangle gear box is mounted in the machine in place 
of the semiautomatic indexing mechanism. The sprocket 
is keyed and clamped with a taper locked hub to the 
output shaft of this box. The index drive through the 

if : i M | N iy L B LO < i . Geneva box is assembled as a unit and is located be- 


For =18 Stranded or =16 Solid Wire or Smaller tween the press and jigger. 
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A magnetic clutch and brake combination is used 
because of the control it affords in stopping and start- 
ing the conveyor if either machine gets out of phase 
with the conveyor. Under normal operation the Geneva 
is continuously driven but if either machine is out of 
phase or if it is necessary to stop the cycle at any 
point, the conveyor drive as well as the machines must 
be stopped instantly to prevent damage. 

Electrical Control—Conveyorized System. Circuit re- 
ee ee = quires removal of the foot switches FS and limit 


simple operation makes connections of | switches LS-1, LS-2, LS-3 and LS-4, from both the 
small control wiring to blocks. Merely | 

loosen one screw, insert stripped wire | 

between clamping members and tighten 
screw. Wire is held so firm that it will 
break before pulling out. Solid base con- 
struction eliminates possibility of ground- 
ing. Available in any number of terminals 
from 1 to 22. 
























LSI LR-3 









Write for Bulletin No. 123 — or consult 
our condensed catalog in the McGraw- 
Hill Electrical Catalog for Product En- 
gineers. 


CURTIS DEVELOPMENT & MFG. CO. 


Terminal Block Sales—4531 West Madison St., Chicago 24, Illinois, 
Factory — Milwaukee 16, Wisconsin 
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AUTOMATIC 
ROLL FEEDS 





LS-9 . Cam-operated limit LS-11 Cam-operated limit 





















LS-10 § switch switch 
Press room output can often be multiplied five times LR-3 Latch relay LS-12 | Platen-operated limit 
by the simple addition of Littell Automatic Feeds to sat — valve — j bea siecle 
present equipment. The typical Littell Double Roll LR-l ei selew R Rartifer 
Installed on Feed shown here grips the stock on both sides of the | pR Press emergency stop MC Magnetic clutch 
old or new die to assure maximum traction and feeding power. relay ; PB-5. 6. 7. 8. Pushbutton 
equipment Stock is easier to start and finish in progressive die Cs Maintained-contact switch 
work. No hand feeding at either end of the stock. . 
Rack and pinion drive provides the smoothness and Fig. 12—Schematic showing electrical circuit for the con- 
Write for the gradual acceleration and deceleration of feed veyorized operation of press and jigger. 


rolls for a truly accurate feed. Standard Littell Auto- 
matic Feeds serve all types and sizes of presses, 
handle all standard widths and thicknesses of stock. 


LITTELL 


MACHINE CO. 


catalog 













press and jigger. Additional controls are now required 
ROLL FEEDS + DIAL FEEDS + STRAIGHTENING §=| to (1) start the operation of the press and jigger, (2) 
cee ae ees control the magnetic clutch, (3) provide safety inter- 
4117 N. Ravenswood Ave., Chicago 13, Illinois locks to keep the system in phase, and (4) provide an 
emergency stop circuit to stop the entire system, The 
bi he i le additional control circuits are shown in Fig. 12. 


irda helio iaieinhchi acheliaedadlctlabedeahlelahe Limit switches, LS-9 and LS-10, operated by cams 
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How New “Washer-less’ 
SPIN-LOCK Screw 
Cuts Assembly Costs... 


It’s one piece! There’s no washer to add... this time-wasting step 
is completely eliminated. RB&W’s new SPIN-LOCK Screw can 
be efficiently hopper-fed. 

Locking power is positive ...no parts to cant or fall off. What's 
more, it fastens neater (flush with surface) and safer (no protru- 
sions to catch fingers or clothes). 

“SPIN-LOCK” has the features of the washer built in—thanks 
to the patented ratchet-like teeth on the underside of the head. 

Specify it for faster, tighter assembly! Choice of heads: hex- 
agonal, pan, truss or flat. 


OTHER OUTSTANDING FEATURES 


Holds tighter under extreme vibra- Can be re-used—will still lock 
tion, securely. 

More locking power due to more 
locking teeth (they're on head's 
outer edge, for greater contact). 

Makes excellent contact in electric 
equipment. 


Drives easily in hard-to-reach spots. 
No extra parts co fall off. 

Cuts purchasing costs and trouble. 
Just one piece to buy—one requi- 
sition to fill. 

Cuts inventory — only one piece to 
stock. 


Has physical qualities of high- 
carbon, heat-treated screws. 


Teeth won't wear off or flatrcen— 
they're case-hardened. 


Unretouched photos* reveal superior performance of SPIN-LOCK Screw... 


Teeth of the SPIN-LOCK 
Screw are touching, while 
the bearing surface still 


Teeth of the SPIN-LOCK 
Screw are firmly embed- 
ded in the surface. They 


Ratchet-like structure of 
teeth is the secret of SPIN- 
LOCK’s tighter grip. Teeth 


The SPIN-LOCK Screw 
presses tightly against 
upside of thread . . . devel- 


bite into the metal when- 
ever a tendency to loosen 
develops. 


shows clearance. Further 
tightening causes flexing of 
head's rim. This assures tical in back to bite into the 
constant and continuous surface to prevent loosen- 
peer of teeth against the ing. 

earing surface 


are angled on advancing side 


oping the high tension you 
to allow tightening . . . ver- 


need to fasten your pe uct 
rigidly and keep it that way. 


*Exact condition of contact between Screw and tapped holes... magnified 35 times. 


RUSSELL, BURDSALL & WARD me aOR 
BOLT AND NUT COMPANY 


Russell, Burdsall & Ward Bolt and Nut Company 
Port Chester, N. Y. 
Port Chester, N. Y. 


Please send me free your SPIN-LOCK Screw folder, with complete | 
data of types and specifications. | 


Plants at: Port Chester, N. Y., Coraopolis, 
Pa., Rock Falls, Ill., Los Angeles, Calif. 
Additional sales offices at: Philadelphia, 
Detroit, Chicago, Chattanooga, Oakland. 
Sales agents at: Portland, Seattle. Dis- 
tributors from codst to coast. 


— ee ee ee ee eee ee ee ey 


Quality Line 
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Precision die molded plastics in small lots are now 
available at the lowest possible die mold cost. This 
new process is primarily for pilot runs in the pro- 
duction of 100 to 5000 small precision plastic mold- 
ings for experimental and other purposes where 
conventional type die molds would be prohibitive. 


Present mold capacity: 34 ounce, 2 x 3 x 1”. 


Your inquiries are invited. 


Dayton ROGERS 


MINNEAPOLIS 7, MINNESOTA 


BECKER 


ey 
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The BECKER rep- 
utation for de- 
pendable brush 
performance dates 
back over half a cen- 
tury. Whether your 
pitt brush or other car- 
- bon requirements 
are of a production nature or for 
maintenance, BECKER has both the facilities 
and the know-how to serve you promptly and 
efficiently. If it’s carbon, we have it or can 
make it. Your correspondence is invited. 


BECKER BROTHERS CARBON CO. 3450 S. 52nd Ave., Cicere, Il. 


CARBON 
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on the input shaft to the Geneva mechanism, start the 
press and jigger cycles at the conclusion of the index. 
Switch LS-9, connected in series with one of the nor- 
mally closed contacts of the latching relay LR-3 ener- 
gizes solenoid S-4 of the jigger hydraulic four-way 
valve to start the jigger cycle. Switch LS-10, connected 
in series with one of the normally closed contacts ER of 
the emergency stop relay on the press, energizes the 
lower coil of latching relay LA-J, starting the press 
cycle, 

Magnetic clutch MC is controlled through magnetic 
contactor. C which in turn is controlled by a set of 
interlocked limit switches LS-11, 12, 13, the normally 
closed contacts of the latching relay LR-3, and a 
maintained contact switch. CS. Maintained contact 
switch CS is manually closed after the drive motor has 
come up to speed. It is connected in series with the 
normally closed contacts of relay LR-3, and limit switch 
LS-11, operated by a cam on the input shaft of the 
Geneva. Normally open limit switches, LS-/2 and 
LS-13, are connected in series with each other and in 
parallel with switch LS-/1, 

Switches LS-12 and LS-13, additional switches lo- 
cated on the press and jigger respectively, are closed 
by the moving platens reaching their bottommost posi- 
tion. These interlocked switches control the coil of 
contactor C and make it impossible to keep the coil 
energized if either machine is out of phase with starting 
o1 stopping the conveyor. The normally closed switch 
LS-11 is opened just as indexing starts, hence both 
press and jigger platens must be clear of the conveyor 
and closing switches L.S-12 and 13 or the contactor C 
will be de-energized. 

When contactor C is energized, its normally open 
contacts close, completing the circuit to the rectifier FR 
which supplies direct current to the magnetic clutch 
MC. When the current to the clutch is interrupted for 
any reason, the spring-loaded brake is immediately ap- 
plied, stopping the conveyor. 

The emergency stop arrangement has normally open 
pushbuttons, PB-5, 6, 7, connected in parallel, located 
at the feed, press and jigger stations. Closing any of 
these switches energizes the lower coil of relay LR-3. 
Kelay LR-3 has two normally open and two normally 
closed contacts. One normally open contact is connected 
to the coil of the emergency stop relay ER of the press; 
the other normally open contact is connected to the 
solenoid S-6 of the j jigger. One normally closed con- 
tact is connected to < coil of contactor C, and the 
other normally closed contact is connected to the 
solenoid S-4 of the jigger. Therefore, energizing the 
coil of relay LR-3 will stop both presses, jigger and 
conveyor. The relay LR-3 is reset by closing push- 
button PB-8, which energizes the upper coil of relay 
LR-3. 

Although the illustrated sitietaliia system shows 
the conveyor running only through the machine, it can 
be further extended to run through a dryer, 

This complete design answers a basic need of the 
small pottery by making it possible to mechanize the 
forming operations in easy stages. The first stage being 
the semiautomatic installation with small capital ex- 
penditure. With expanding production demands the 
machine capacity can be increased at little additional 
expense by conveyorizing the system. oo0g 
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“All motors are NOT alike!” 
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Check these 








SOME Why 


the RELIANCE Bearing Design 














rotene: mm 


is the BEST one! 








anaes A DESIGN B RELIANCE 
| ONLY 
‘| ONE MOTOR The Reliance Pre-lubricated Bearing 
i f res vital to maxi- 
4 HAS ALL THESE | Design has allo the features vit t ; 
| DESIGN mum motor life. Check these points in the 
FEATURES chart at left. The performance of Reliance 
. Prelubricated ‘ Double-shielded, . . 
| cartridge— Open bearing prelubricated” | | PRECISION-BUILT Motors in all indus- 
i bearing mounted eee | bearing mounted s : Ba 
| in bracket | in bearing cap tries and under all operating conditions 
"| Bearing sealed from 1s te has proved their value in long-wearin 
© dirt and other foreign YES NO YES P " ; 8 8» 
| material trouble-free bearing design. 
Esl ew 
rj Enclosed bearing NO YES VES In most applications, Reliance PRECI- 
el ousing Yi i ; 
| —| SION-BUILT Motors cperate satisfacto- 
| Bearing can be re- i : : s : 
|| Lubricated without NO YES YES rily for years without relubrication. Where 
| | een it is a practice to grease regularly or where 
t Motor can be re- : eee ° ° 
|| teased without % % NO YES | operating conditions make it desirable... 
en a) it is impossible to overgrease a Reliance 
page So laa NO NO YES | Motor. Write for new Bulletin B-2201 for 
cation system i the ‘‘inside story” 
i. Protection against i : 
} gronge enmering YES “YES YES of the Reliance Pre- 
© xvas lubricated Bearing 
|, Balls free of direct Design 
|| pressure during YES NO YES §0. 
'? lubrication i 
Bearing can be re- : 
moved without dan- NO NO YES 
i ger of distortion 
Reliance PRECISION-BUILT A-c. Motors 
Reservoir to protect f ¥% to 300 Hp. 
against under- NO YES YI vous 36 t ° 
greasing 
Standard commercial 
F | ball bearings YES YES YI 
Larger grease reserve : 
, than provided with NO YES YI 
| any standard bearing 
| Grease supply 
free of churning NO NO YI 
action 
Measuring unneces- 
Sary to prevent NO *YES YI 
overgreasing 
Unnecessary to grease a 
equally at each side NO YES YI 
of ball race 
Lubricant is retained YES NO . 


in ball race 


** Means is not provided for relubrication of assembled motor. 
*YES, if drain plug is removed. 








RELIANCE 


“All Motors are NOT A 





MARCH 1951 





ENGINEERING CO. 
pa cas eames ro a as x ear eee ge ea 








225 













Gaging and Sorting 
Electronically 


(Continued from page 81) 







detector. Amplified a-c signal is converted into a d-c 
voltage at a potential up to 50 volts in proportion to 
the spindle displacement. This operates the indicating 
instrument and an additional relay control tube which 
is used only to operate simple signal lights. The 50-volt 
d-c output is also available to operate auxiliary equip- 
ment such as a classifier or a recorder. 

Where the parts after measurement are to be sorted 
into a number of size groups, the output from the gage 
amplifier is fed into a progressive electronic classifier 
whose control circuit is shown on Fig. 4. Note that the 
output voltage from the coupling circuit is applied to 
parallel-connected control grids of a series of thyratrons. 
Each tube operates a relay and means are provided for 
independently adjusting each bias. 

With no thyratron firing and with zero signal each 
bias is adjusted so the control grids are progressively 
negative. As the input signal voltage is increased, all 
| the grids become more positive until each cathode 
| reaches its firing potential. For a given signal voltage, 
all thyratrons with bias set below that value will fire, 
but the remaining thyratrons will not. 





SANGAMO 
TRANSMITTING 
MICAS 










































- <=» 
Built to JAN Specifications 


Whether you need a certain | As the next thyratron in the circuit fires, its relay 
characteristic or a combina- |_—_ closes and one set of contacts opens the d-c plate supply 
tion of several performance to the previous tube, causing this tube to stop firing. 


features, Sangamo Trans- 


































mitting Mica Capacitors are Firing takes place so rapidly, and the relays have suffi- 
“heap good” for your specific | cient inertia that actually only the last one closes. This 
capacitor applications. You | relay remains locked-in until the plate supply to the 
can safely specify them for | tube is interrupted. A normally open snap-action switch 
Type G (CM 75-80-85-90-95) use in all types of military, |. ae : ; 
radio and electronic equip- | ‘is commonly used to provide a recycling impulse. Mo- 
ment—they are built to meet mentary closing of this switch interrupts the plate sup- 
all standards set by joint — ply to the classifier causing the tube which is firing to 
Army and Navy Specifica- Renee. aul dex velo : lie nian ° 
tions JAN-C-5. re ease, and its relay to return to normally open posi- 
tion. ooo 
Type G Capacitors are de- 
signed for use in medium and 
high power, high voltage and 
high current circuits. They Individual Motor Drives 
Type F (CM 65-70) are ceramic encased and are . : ‘ 
frequently connected in Simplify Yarn Winders 
gangs to handle heavy loads. (Continued from page 89) 





Type F Capacitors are used 
- ae = yp emagenoreaen to conveyor is stopped in about ™% in. 
ype G’s and are potted in ie we 600 - iil pleatie 
elite cease . Pow er to the 44-volt, 360 rpm wool-w inder motors 
; is supplied by a step-down transformer; a 5-kva unit is 
Type A and Type H Mica usually sufficient for machines with up to 160 spindles. 
Capacitors are molded in a : ee ; 
thermo-setting plastic and | Rayon winders are all overhead cam machines and can 
are designed for use in low be operated somewhat faster, around 5400 rpm. To ob- 


voltage, low power and low tain this speed with the same basic motor as used on 





ee oon is etna wool machines, higher frequency power is required. 
Two methods of supplying the higher frequency power 

Sangamo Transmitting Micas and many are in use, depending upon the number of winding units 
other types of Sangamo Mica Capacitors, on the machine. For machines having up to 140 winding 


are fully described in Catalog No. 831. Write 


units, a motor-generator set is used. The m-g set has 
for your copy. 


a 4-pole generator with revolving field, a d-c excitation 
generator, voltage regulator and a 714 hp induction 


motor. To reduce the size of the m-g set required on 
SANGAMO ELECTRIC COMPANY the machines, the winder motors are started in two 





ae SPRINGFIELD, ILLINOIS ine | sections. This is accomplished by using a DPDT push- 
Gite button in combination with two magnetic starters. When 
In Canada: Sangamo Company Limited, Leaside, Ontario the pushbutton is pressed, one of the starters is ener- 
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What's U.S. Rubber doing to 
bridge the gap between hard and soft rubber? 
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Washing machine parts, for- 
merly made of plastic and 
metal, now made of new ther- 
mosetting plastic, Enrup, which 
has higher abrasion resistance 
and is structurally stronger. 













The new “U.S.” thermosetting plastic, Enrup, 
can be made flexible and elastic as soft rubber, 
or rigid as hard rubber. Enrup offers entirely 
new possibilities to design engineers. The wash- 
ing machine parts, shown above, are made of 
Enrup because its abrasion resistance and 
structural strength are greater than the com- 
bination of metal and plastic formerly used. 

Enrup can be made into almost any shape 
or form, simple or complex. It can be punched, 
sanded, sawed, nailed, bolted, molded and 
machined. Perhaps Enrup is just what you’ve 

















been looking for to improve your product or Some of the products made of 
, : ca . calle nrup for leading manufactur- 
your manufacturing operation. ers. The smallest items weigh 

For more details, write to address below. as little as one-third of an 





ounce. Engineers often find 
Enrup cuts molding costs, per- 
mits operating economies hith- 
erto impossible. 













Note how a bath of 20 percent 
solution of sulphuric acid eats 
away the steel gear at left, 
while the Enrup gear is un- 
harmed. Enrup is non-conduc- 
tive, non-absorbent, easy to 
clean, is noiseless. 





PRODUCT OF 














UNITED STATES RUBBER COMPANY 


MECHANICAL GOODS DIVISION + ROCKEFELLER CENTER, NEW YORK 20, N. Y. 
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gized. This closes the circuit to the field of the generator 
starting the first half of winding units; motor of the 
m-g set is running at all times. Conveyor motor is also 
energized by the same starter. A pair of contacts on 
the starter by-pass the pushbutton contacts and keep 
the starter solenoid energized when pushbuotton is re- 
leased. The second starter is energized when pushbutton 
is released and the second half of the winding units are 
started. A 34 in. insulated gap in the power track is 
used to prevent the motor brushes from carrying cur- 
rent from one section to the other. 

For larger machines, a standard frequency converter 
of the slip-ring type driven by a 5-hp motor’ replaces 
the m-g set. The frequency converter needs no excitation 
and the voltage regulation is 15 per cent. When using 
this power supply, there is enough overload capacity 
to start a machine with up to 200 winding units without 


AGASTAT»«: 


TIME DELAY STARTS WHEN COIL IS ENERGIZED. 
For continuous duty for both AC and DC service. Small, 
compact, well-designed. Literature on request. 


ACA 3 = AGA 
fm | 


AMERICAN GAS ACCUMULATOR COMPANY 
1027 NEWARK AVENUE © ELIZABETH 3, N. J. 


MARING acasTat 
Semmes Petes 


Fractional H.P. 
Pwo ha at 


for DEPENDABILITY 


Complete facilities for engineering, 
tooling and assembly of electric motors 
up to 6” maximum O.D. of the follow- 
ing types: 


Direct current—6 volts to 220 volts 
Universal motors—6 volts to 220 volts 


Induction motors—conventional! volt- 
ages 


Shaded pole moto-s—conventiona! 
voltages 


400 cycle motors of the smaller sizes 


Also precision electro mechanical as- 
semblies 


Experience and p:ecision workmanship 
assure you of motors of dependable 
performance to fit your requirements 
—from 1/000 H.P. to % H.P. 


JOHN OSTER MFG. CO... . RACINE, WISCONSIN 





Fig. 7—Automatic pinboard attachment for synthetic 

yarn machines automatically loads full bobbins on pin- 

boards. Unit replaces conveyor shown in Fig. 6 and power 
is obtained from the conveyor motor. 


resorting to the double start. The only objection to the 
frequency converter is that the output frequency has 
to be at least 10 cycles greater than the 60-cycle input 
to prevent converter from overheating. The frequency 
converter is kept going at all times the machine is run- 
ning, and the winding units are started and stopped by, 
interrupting the current to the coils of the frequency 
changer. The high-cycle, low-voltage current is taken 
from the slip rings of the converter. 

On both feeler- and overhead-cam-type machines the 
chain conveyor is driven by a %-hp motor; machines 
with more than 120 units require a 34-hp motor. Chain 
is driven by motor through a variable-speed V-belt 
pulley, worm gear speed reducer and a large sprocket. 

A magnetic starter is used to start the frequency- 
converter motor. Another contactor is used to energize 
the coils of the frequency converter and simultaneously 
start the conveyor motor. On the wool winders a circuit 
breaker is provided to stop the conveyor motor so a lot 
can be run out without moving the conveyor. This, of 
course, can not be done on the rayon machines which 
have the overhead cam. 

Full bobbins from wool, cotton and worsted winders 
can be loaded into baskets for transportation to the 
looms. With bobbins wound with synthetic yarns, how- 
ever, this cannot be done since the yarn soils easily. In 
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Annealing Oven—Max. Oper- 
ating Temp. approx. 2000°F 


\ ) te : 7 1 ) F ES ye gy te ° Bp “ sing Temp. epprox. 2000°F 
oeen ql a . r ‘om from 45 Ibs. to 45 ton 
in your | “ | 
electrically sili ag 
ies 
heated $ 


products 


(Photographs courtesy of 
General Electric Company) 


Nichrome alloys, meticulously developed over a period of 40 years, 
meet the need for resistor materials that can perform with exceptional 
suitability at high temperatures. Their high resistivity and resistance 
to oxidation at high temperatures dictate their choice for heating 
elements in a host of different products. Forced-Convection Type 
Unit Air Heater 
Nichrome and Nichrome V are custom built—produced to rigid specifi- 
cations determined by conditions of application and in-use factors. 
Consequently, absolute uniformity is assured from order to order. 


Nichrome and Nichrome V undergo only negligible changes even 
when required to meet unusually exacting service demands. Thus 
delivery of full-rated power is assured thruout a long life of trouble- 
free operation. 


Nichrome and Nichrome V afford flexibility of choice, permitting 
heating elements to be designed economically, with close regard to 
service requirements. For example: Nichrome is ideal for heating 
devices, such as cord-connected domestic appliances, operating up to 
1700°F.; Nichrome V for electric furnaces, ovens, etc., operating at 
temperatures in excess of 1700°. 


Edgewise-wound resistor—typical 
of large industrial applications. 


* omemesae gs 
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Nichrome and Nichrome V are available in different forms—wire, 
ribbon, strip, sheet and rod. Such variety offers outstanding aid to 
designer, engineer, and manufacturer. 


The different examples of products shown here indicate the wide range of 
application for Nichrome and Nichrome V. For improved performance and 
longer life in your products, remember these peerless Driver-Harris electrical 
alloys and consult with us. Although the present emergency is making unprece- ae 
dented demands upon the resources of the Driver-Harris Company, we shall be | 
glad to make recommendations based upon your specific needs, and serve you Wells tan eall Senduics Gm 
to the best of our ability. —one of many G.E. appliances. 


Nichrome and Nichrome V are manufactured only by 


Driver-Harris Company 


HARRISON, NEW JERSEY 


BRANCHES: Chicago, Detroit, Cleveland, Los Angeles, San Francisco 
Manufactured and sold in Canada by The B. GREENING WIRE COMPANY, LTD., Hamilton, Ontario, Canada 


*T.M. REG. U. S. PAT. OFF. 
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HAME YOUR TAPE... 


GET MORE FOR YOUR MONEY 


The tape with the yellow core’ made by OKONITE 


SOLD i: THROUGH RECOGNIZED WHOLESALERS 


re eh Prt Dp 


Wea 
hs friction and rubber tapes 


@ Push- Button @ True readings, 

Operation regardless of earth 

‘ : resistance and con- 

@ Direct-Reading dition, stray fre- 

@ Completely Self- quencies, voltages 
Contained or currents 


You can be sure of safe, effec- 
tive grounding of all types of elec- 
trical systems when you test with 
the light, easy-to-use Vibroground. 
Simple operation and built-in ac- 
curacy virtually eliminate reading 
errors. No leveling, cranking or 
outside power source is necessary; 
and direct readings are independ- 
ent of auxiliary probe resistance. 

’ Full data on Vibrogrounds, 
including testing techniques and 
illustrations, is yours for the asking. 


Write for 
‘BULLETIN 105 


3794 WEST BELMONT AVENUE e CHICAGO 18, ILLINOIS 
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the past synthetic-yarn bobbins have been placed by 
hand on pinboards which have pegs arranged in orderly 
rows. Bobbins are placed on end over the pegs to keep 
them clean and easy to handle. 

To eliminate this handwork, a device shown in Fig, 
7 was designed to receive full bobbins from the auto- 
matic winder and place them on pinboards. Essentially 
the machine has a pinboard supply magazine and 
small closed-loop conveyor with cells for holding the 
full bobbins. The conveyor belt for full bobbins shown 
in Fig. 6 is replaced by the pinboard attachment. Power 
for the attachment is obtained by using a belt drive 
from the shaft extending down from the internal gear 
on the main conveyor sprocket. Mechanism is so ar- 
ranged that every time a winding unit passes through 
the automatic head, the winding unit trips a solenoid 
allowing the shaft on the pinboard attachment to make 
one revolution. This brings the bobbin out, drops it 
into a cell, and indexes the small bobbin conveyor one 
position. When eight bobbins have been dropped into 
the cells a shelf under the cells retracts allowing the 
bobbins to drop onto the pegs. Before the next row of 
eight bobbins is filled up, the board advances one space 
so that by the time the bobbins are ready to drop, a new 
row of pegs is beneath the cells. 

The pinboard attachment is designed to hold seven 
pinboards in a magazine shown at left in Fig. 7. The 
boards are held by a plate at each side. A cam located 
beneath the magazine lifts the stack of pinboards and 
as the stack raises, the plates at the side are urged 
outward by a spring. As the stack goes down because 
of further rotation of the cam, the plates come in and 
hold the next-to-the-bottom pinboard. The lower pin- 
board drops onto a chain conveyor which carries it be- 
neath the cells. The cam which lifts the stack pinboard 
makes one revolution per pinboard and as a result the 


boards flow through without interruption. UU 


Developments in High-Temperature 
Metals and Ceramics 


(Continued from page 85) 


ThO, becomes electrically conductive at elevated tem- 
peratures, and is therefore a suitable electrode material 
for high-temperature electric furnaces. A thoria re- 
sistor furnace has been developed by the Bureau of 
Standards. The resistor rods are brought to the elec- 
trically conductive state by heat from a platinum re- 
sistance element. Temperatures up to 2300 C can be 
obtained in such a furnace. 

Single-oxide bodies are not always the most satis- 
factory ones from the manufacturing point of view. 
They present difficulties.because of the high firing tem- 
peratures required for vitrification. 
compromise between several physical properties is de- 
sirable which can be achieved by mixing various oxides. 
Geller of the National Bureau of Standards made a 
thorough investigation of various oxide systems to pro- 
duce materials of high creep strength at elevated tem- 
peratures. He found the most promising bodies in the 
field of MgO-BeO-AI,O,. 

In addition to metallic oxides, 
metal carbides, nitrides, and even sulfides as refractory 


In some cases a 


ve have to consider 
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Reactivated last fall, the big U.S.S. New 
Jersey is moved to the New York Navy Yard 
by a small fleet of tugs. 


Cargocaire dehumidification machine, in- 
stalled aboard the U.S.S. Pocono of the 
Atlantic Reserve Fleet. Cargocaire is a prod- 
uct of the Cargocaire Engineering Corpora- 


tion, 15 Park Row, New York, N. Y. 


General Electric, Monel-sheathed fin Calrod* 
heaters, removed from a Cargocaire unit that 
was aboard the U.S.S. New Jersey. 


* Trade Mark of the General Electric Co. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street, New York 5,.N. Y. 
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... thanks to foresight and a trouble-free metal 


When America needed them again, 
the Navy’s Inactive Reserve Fleets 
were made ready for action with sur- 
prising speed. 


Ships laid up since ’46 shed their 
wraps and stood to sea as quickly as 
crews could be assembled. 


Typical was the 45,000-ton U.S.S. 
New Jersey. She had been deactivated 
for more than two years—plenty of 
time to reduce her $100,000,000 worth 
of machinery to rusted, creaking in- 
efficiency. 


But, like hundreds of other vessels 
in our Inactive Reserve Fleets, she 
had been protected below decks by a 
special dehumidifying system. When 
the companionway doors, hatches, 
and ports were unsealed, vital work- 
ing parts and gear were found in per- 
fect condition. 


The dehumidifying machines used 
aboard the “Jersey” were made by 
Cargocaire Engineering Corporation. 
In operation, each machine draws 
moisture-laden air in the ship through 
beds of silica gel, which reduce the 
moisture content to a safe 30% level. 
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A silica chamber becomes saturated 
in about one hour’s time. At a dew 
point of 70, a silica gel bed adsorbs 
from 7.5 to 9.5 pounds of water per 
hour. When the silica gel beds be- 
come saturated, they are dried by 
means of electric heating units. 


The heating units (6 to a machine) 
are General Electric Monel-sheathed 
Calrod heaters capable of heating 160 
c.f.m. of air to 370°-390°F. 


Because these heating units deliver 
high radiant heat and are exposed 
almost constantly to moisture, the 
sheathing had to be made of an ex- 
tremely durable metal . . . and that is 
why Cargocaire used MONEL®. 


MONEL’s high strength and re- 
markable resistance to both corrosion 
and heat embrittlement has helped 
keep the heating units operating 
without a single failure. 


In planning for the future or for 
equipment vital to defense, it is sug- 
gested that you consult our Service 
Departments on any questions re- 
garding high temperature or corro- 
sion-resisting materials. 


EMBLEM .. OF SERVICE 
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SIX IDEAS 


for IMPROVING 
PERFORMANCE 


STEP DOWN 
TRANSFORMERS 


Step-Down Transformers permit using 
standard 115/120 volt, 50/60 cycle 
motors or electronic equipment in 
installations where only a 230/240 
volt supply is available. Piug the step- 
down transformer into the 220/240 
volt line supply, connect the 115/120 
volt equipment to the transformer. 
That's all. 


VOLTAGE 
STABILIZER 


For circuits with continuous voltage 
fluctuation the Acme Electric Voltage 
Stabilizer was designed. Operates 
automatically, responds almost in- 
stantly to any deviation in ‘normal 
voltage supply. Designed to pre- 
cision standards. 


RADIO TELEVISION 
ELECTRONIC 


Custom-made transformers designed 
from standard parts is usually pos- 
sible because Acme Electric owns all 
the tools, dies and equipment that 
ore needed to make a wide variety 
of transformer designs and sizes. By 
adapting standard components avail- 
able, you save time — money. 


VOLTAGE 
ADJUSTORS 


Provides for manual regulation of 
input voltage over a range from 65 
to 135 volts to exactly the voltage 
required for best performance of the 
electrical equipment. Available in 
sizes from 150 watts to 10 KVA. 


HIGH 
VOLTAGE 


IGNITION 
TRANSFORMERS 


This is an example of what Acme 
Engineers have done in designing 
transformers with secondary output 
up to 10,000 volts. High voltage can 
be safe when components are de- 
signed by experienced engineers. 


AIR COOLED 
TRANSFORMERS 


Heavy duty designs in capacities from 
1/10 KVA to 167 KVA in primary 
voltage input up to 2400 volts, can 
be supplied on special order with 
secondary taps to meet specifications 
of special applications. 


ACME ELECTRIC CORPORATION 


35 3 WATER ST. 


CUBA, NEW YORK 


Acme Electric also manufactures: Air Cooled Power Transformers « Cold 

Cathode Lighting Transformers and Ballasts « Control Transformers ¢ 

Door Beil, Chime and Signalling Transformers « Electronic Transformers « 

Fluorescent Lamp Ballasts * Luminous Tube Transformers « Radio and 

Television Transformers ¢ Safety Transformers « Step Down Transformers « 
Voltage Regulating Transformers. 





materials. (See Fig. 1 C.) 

Among the carbides, only silicon carbide is stable in 
air up to 1600 C. Its melting temperature is 2700 C. 
It has high thermal conductivity, high resistance to 
thermal shock and good hot strength. Titanium carbide 
offers interesting properties as a ceramic material in 
protective atmosphere. Some nitrides are quite stable 
at high temperatures, if oxygen is excluded. They have 
not found uses as refractory materials, but nitrides of 
boron, titanium, thorium, beryllium, tantalum and vana- 
dium have been produced. 

Some work has been done with sulfides, such as 
cerium sulfide (CeF), but their practical applications 
are limited. 

Carbon and graphite are very important refractory 
materials. Pure carbon has no melting point but sub- 
limes at 3450 C. Graphite has a melting point of ap- 
proximately 3800 C. Carbon and graphite surpass all 
other materials in resistance against softening at high 
temperatures. Softening under load occurs at about 
2000 C. The resistance of graphite to oxidation is ex- 
cellent; its chemical resistance is also well recognized. 
Graphite is used extensively for crucibles, refractory 
bricks for metallurgical applications and has been used 
for guide vanes of rockets. 

The present status of high-temperature refractories 
are ably described in some books which have recently 
been published. These contain excellent bibliographies 
which are of great help to anyone interested in this 
subject. In the third edition of Norton’s book, “Re- 
fractories,” McGraw-Hill Book Co. (1949), Chapter 
XII deals with special refractory materials, Chapter 
XXV with refractories for gas-turbine and jet propul- 
sion, and Chapter XXIV with refractories for use in 
nuclear power production. Other books which are very 
informative on the subject: 

“Oxydkeramik,” Dr. Eugene Ryshkewitch, Spring- 

er Verlag (1948), written in German. 

“Powder Metallurgy,” Dr. Paul Schwartzkopf, 

Macmillan Company, New York (1947). 

“Treatise on Powder Metallurgy,” Vol. 1, Dr. Claus 

G. Goetzel, Interscience Publishers, New York 


(1949) ; Vol. 2 (1950). 


Applying 
Magnetic Amplifiers 


(Continued from page 99) 


of conventional saturable reactors—the relatively large 
increase in rating, and consequently size and cost, when 
operated with a lagging pf load. 

In Fig. 7, performance characteristics of saturable 
reactors of the type under discussion are plotted against 
kva rating. Three curves giving the contro] power are 
shown because there is a rafige in which the control 
power can be reduced or increased by modifying other 
characteristics. For example, the 10.75-kva reactor re- 
quired for Load A would probably require about 98 
watts of d-c control power, but might need as much as 
160 watts or as little as 55 watts, depending on the 
design. Power gain shown in the figure is the ratio of 
reactor kva rating to control power for an average de- 
sign. For example, power gain of the 10.75-kva reactor 
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withstands an inferno of 


to improve product performance for you! 


There are three new grades of C-D Dilecto* that can 
withstand temperatures as high as 250°C. They are 
chemically inert, silicone-glass laminated plastics that 
offer exceptionally high heat resistance and good arc 
resistance, extra strength, and positive moisture re- 
sistance! At Continental-Diamond we've literally lived 
and worked with Silicone Dilecto—perfecting it to a 
point where we believe it can be highly useful in 

helping to solve your pro- 
duction problems — and im- 
prove product performance. 


Your nartner i © 


in bette; 
poaucing Predy., 


And this remarkable plastic is but one of many in 
the C-D family. They provide practical combinations 
of mechanical, electrical, and chemical properties— 
structural strength, light weight, positive moisture, 
heat and corrosion resistance. In hundreds of plants, 
C-D Plastics— Fibre, Vulcoid, Dilecto, Celoron, and 
Micabond — offer proof that it pays to see C-D first in 
your search for the right plastic for the job. For inter- 
esting, useful information on Silicone Dilecto, and 
other C-D high strength plastics, call or write your 
nearest C-D office, soon. 


*Dilecto GB—112—S 
Dilecto GB—128—S 
Ss Dilecto GB—261—S 


DE-2-49 
BRANCH OFFICES: NEW YORK 17 e CLEVELAND 14 e CHICAGO 11 e SPARTANBURG, S.C. e SALES OFFICES IN PRINCIPAL CITIES 
WEST COAST REPRESENTATIVE: MARWOOD LTD., SAN FRANCISCO 3 e IN CANADA: DIAMOND STATE FIBRE CO. OF CANADA, LTD., TORONTO 8 
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| Wy LOLOL . i )iamond FIBRE COMPANY 


Established 1895 .. Manufacturers of Laminated Plastics since 191I—NEWARK 1% « DEL GRAV s 
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% You name it—we’'ll make it! Handy 
Greenohm general specs enable you to 
select features best fitted to your needs. 






Greenohms, those tougher cement-coated 
power resistors, are offered in the 
widest range of terminals and mount- 
ings. 5 to 200 watt ratings. 






Engineering Bulletin 









113 with Greenohm Here, for instance, is Type H30N Green- 
general specs, sent on ohm with insulating knob and Edison 
request. Let us quote! screw base. Easily and safely replace- 





able as resistor or heater unit. 
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Now you can get accurate, pin- 
point variable speed control with 
wide adjustability of speeds .. . 
plus good efficiency, high power 
factor and low maintenance— .. . 
when you use a Brown Boveri 3- 


phase variable speed motor. No 
belts, pulleys, gear boxes or con- BROWN 
verters are needed. Selected speed 
is maintained regardless of torque BOVERI 


and voltage. 
Speed ranges up to 1:50 — con- VARIABLE SPEED 


trolled either manually by push MOTORS 
button or automatic devices. 1/, hp 

to 500 hp types including fully en- 

closed, self-ventilated motors for 

hazardous operations. 


= = MAIL COUPON _FOR COMPLETE DATA! _ _ 


Please send me data on your Variable Speed Motors. 
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is shown on the curve as 110; the value found from the 
definition would be: 

10.75 

Power gain = ——— = 110 
98 
The time-constant curve is also based on the average 

control-power requirement. For a 10.75-kva reactor, the 
time constant of an average design would be approxi- 
mately 18 cycles or 0.3 sec. If the control power of the 
reactor is designed for a higher or lower value, the 
time constant is altered to the extent that the control 
power is altered. For example, if the 10.75-kva reactor 
had been designed so that only 55 watts of d-c control 
power were required: 





98 
Time constant = 18 & — = 32 cycles, or 0.53 sec 
55 
Conversely if 160 watts of control power were required: 
98 
Time constant = 18 X —— = 11 cycles, or 0.18 sec 
160 


The weight and relative cost of saturable reactors of 
the type meeting the original assumptions (60-cycles, 
hot-rolled core sheet, 10:1 range, standard temperature 
rise) are shown in Fig. § over the range of 1-100 kva 
rating. The weight figures include end bells or enclosure 
and mounting and connection details, as well as the active 
material, and are therefore somewhat approximate, say 
within 15 per cent. The 1949 net cost figures are ap- 
proximate as well because of possible variations in the 
physical details mentioned above and as well as dif- 
ferences in quantity discounts and category of pur- 
chaser. Based on these approximate curves, the weight 
of the 10.75-kva reactor required for Load A would be 
expected to be about 330 Ib, while the cost would be 
approximately $225. The corresponding figures for the 
16.67-kva reactor for Load B would be 510 Ib and $320. 

When saturable reactors are designed for frequencies 
other than 60 cycles, their physical size changes for a 
given kva rating. The preceding generalized curves can 
be used with reasonable accuracy by treating the reactor 
as one with a fictitious 60-cycle rating. For a 25-cycle 
reactor, for example, in order to maintain the flux 
density used on 60 cycles (and to maintain the same 
range of output) the output-winding voltage rating 
would have to be reduced to 25/60 or 42 per cent. But 
because of the lower core loss at 25 cycles, the output- 
winding current rating could be increased, with the net 
result that the 25-cycle kva rating would be about 50 
per cent of the 60-cycle value. Thus if the required 25- 
cycle kva rating were multiplied by 2, the size, cost, 
control power, and time constant could be determined 
by reference to the typical curves. The 60-cycle power 
gain given in the curves must be divided by 2.0 in order 
to be correct. 

For other frequencies, the kva multipliers are ap- 
proximately as follows: 


Frequency, cps Kva multiplier, per cent 
25 200 
50 112.5 
60 100 
400 50 


For illustration, if Load A of the previous example 
had to be controlled at 50 cycles, the equivalent reactor 
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Like finding 






extra screws 






in every box!’’ 








“At a time when a shortage of screws can very well 


set the limits of production, P-K* quality is more 






important to us than ever. Every screw is formed 






and hardened properly to drive right and hold right. 






There are no ‘duds’, and, believe me, that’s like 






finding extra screws in every box!” 


P-K will help in other ways to stretch your screw supply 


P-K Assembly Engineers will help you in every way possible 











to adjust your assemblies to limited supplies. You may be 





able to use standard screws in place of hard-to-get “specials”. 
By simplifying assemblies, you can sometimes use fewer 
screws without sacrifice of strength. Reducing multiple 
head styles, and using fewer diameters, with longer or 
shorter screws as needed, will also often help you to get 







improved deliveries. 

Parker-Kalon, originators and leading producers of Self- 
tapping Screws, stand ready to apply their long experience 
to your most difficult problems of planning and procure- 
ment. Parker-Kalon Corporation, 200 Varick Street, New 


York 14, N.Y. 
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Sold through accredited Distributors 
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kva would be: 10.75 & 1.125 = 12.1 kva. 
Typical characteristics from the curves would be: 


Avg. design control power 106 watts 

Time constant 19 cycles, or 0.38 sec. 
Reactor weight 385 lb 

Reactor cost $255 


The effect of the required range of output on satur- 
able-reactor ratings and performance is quite marked. 
As the range is reduced, a considerable saving of size 
and weight may result. The effect is more apparent in 
the smaller ratings where the problem of heat dissipa- 
tion from the reactor is less difficult. In small sizes of 
reactors, the equivalent kva ratings relative to that of 
10:1 range are approximately as follows: 
Output-Current Power Kva Rating Multiplier 

Range per cent 
20:1 : 85 
10:1 F 100 


5:1 D: 110 
3:1 : 120 
In the larger sizes, the differences are less apparent and 


it is difficult to draw a general rule. 


Reactors with very short range (3:1) are unsuitable 


for use on power lines subject to wide voltage varia- 
assor i} Pl} tions, particularly on the high side. Increases in line 
voltage beyond the reactor design values result in a 
rapid increase in both core losses and exciting current 


at minimum output, with resultant overheating and 
loss of range. Very short ranges are applied only in 


special cases; the common standard is a 10:1 range. 
The use of inorganic insulating materials to permit 
higher operating temperatures results in reactors that 


are smaller and faster in response, but require more 
control power and are more costly than their Class A 


equivalent. Class C and H insulating materials have not 
come into wide use in commercial reactors with hot- 
for rolled silicon laminations. 


Effect of Cold-Rolled Cores 


& 
The use of hot-rolled silicon steel sheet for laminated 
cores has been common practice; first, because this was 
the only core material available when saturable reactors 


became commercially important, and second, because of 
the higher cost of the grain-oriented cold-rolled ma- 


terial which later became available. Because of the 

; better magnetic properties of the latter, there are situa- 
tions where its use in saturable reactors is feasible. 

A-c saturation curves for hot- and cold-rolled silicon 


steel core material are shown in Fig. 9, along with a 

curve for grain-oriented 50 per cent nickel-iron alloy. 

SEE US BEFORE YOU DESIGN IT! The latter has the “square-hysteresis loop” property de- 

* | veloped to the greatest degree of any magnetic material 

Save money! Check our huge assortment | prsently known. This means that permeability is very 

of standard moulds — chances are we high in the unsaturated region and very low in the satu- 

have just the mould you need. Lowest rated region, a property which is desirable in order to 

possible prices — fast, efficient service! minimize the saturated reactance drop. Because of cost, 

Get our new 44 page catalog, today. usually this material can be used only in special saturable 
reactors of small size. 

Cold-reduced silicon steel also possesses this property 

to a certain extent, particularly when compared with 

uber Company the hot-rolled material. A further advantage of the 

424 N. Wood St., Chicago 22, Ill. cold-rolled material is the higher flux density at which 

WRITE, WIRE, PHONE SPECIFICATIONS — TODAY! it can be operated. For example, if the design of a 
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When you invest in new production 
machinery, it pays to be just as particular 
about the motor that drives it. Look inside 
a Delco Motor. You’ll see extra engineering 
features, extra care in construction, that 
prove to you a Delco is built the way you 
want a motor built. Specify Delco for 
dependable power day in, day out. 


a , i 
| 7 
w As a 
( WN re és 
WATER-TIGHT CONDUIT BOX 
Protects against drip, 


splash Sn 
» 


§ 


Pee 


CORROSIVE-RESISTANT 
CAST IRON FRAME 


More solid, more rugged 


+ 


o) att 
Ln 
Vi wy \ 
DAYTON OHIO POSITIVE LUBRICATION 
Lengthens bearing life 


POSITIONED BEARINGS 


Maintain shaft align- DYNAMICALLY-BALANCED 
ment ROTOR AND SHAFT 
ASSEMBLY 


Reduces vibration, wear DELCOTE COIL INSULATION 
Over and above NEMA 
"(DELCO PREFERRED" specifications 
—because Delco Delivers 
Open and enclosed motors for most 
industrial applications in sizes up to RA OoOTO R a 
100 horsepower for standard foot 
mountings. NEMA C&D flange-mounted 
motors available in sizes through 30 
horsepower. Get in touch, with Delco DAYTON OHIO 


Products, Dayton, Ohio . .. or any 
sales office listed below. Division of General Motors Corporation, Dayton, Ohio 


SALES OFFICES: Chicago ¢ Cincinnati « Cleveland ¢ Dallas © Detroit ¢ Hartford « Philadelphia ¢ St. Louis 
ALSO AVAILABLE THROUGH UNITED MOTORS SERVICE BRANCHES 
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SUBSIDIARY OF THE BARIUM STEEL CORP 


10254 BEREA ROAD A 


CLEVELAND 2, OHIO 
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DAVIS-MAD 
SOLENOIDS 


e STRENGTH 
. 2 eal es 
« Yad 4) 1 oe 


Fon 


No. 2923. Push Type 


—— ge © 


Precision-Made Coils for 


DEAN W. 


3 
ols 


(2 


rs 4 
\ 
7/1 


Pressure-Riveted Laminated 
Steel Frames 

Mounting front 
plate one piece 


Phosphor Bronze 
Guides 


Cadmium Plating 


Impregnated Cloth - Taped 
Coil 


and side 


Plunger 


Two D.W.D. 
voltage, 


types shown. For any 
any frequency, constant or 
intermittent duty, AC or DC. Ask 
for Bulletin. Davis builds solenoids 
for every kind of duty. 


TO YOUR SPECIFICATIONS 


More than 30 years’ specialized en- 
gineering. Two large modernly equip 
ped plants. Bring your coil problems 
for consultation witheut obligation. 
Use our cooperative service. Send B/P, 
sample or data for quotation, any 
quantity, large or small. 


every electrical purpose 


DAVIS & CO. 


Factories in Chicago and Kentland 


hee a Oe ee 


KENTLAND, INDIANA 


reactor permitted a magnetizing current corresponding 
to 6 rms ampere-turns per in., the grain-oriented ma- 
terial could be operated at a peak flux density of 
105,000 lines per sq. in., while the conventional core 
material would have to be held to a density of about 
70,000 lines, a ratio of 1.5 to 1. At these densities, the 
slopes of the magnetization curves are about 0.9 and 
3.6 kilolines per sq. in. per ampere-turn per in. respec- 
tively, indicating that the saturated-reactance drops of 
similarly constructed reactors would be in the ratio of 
1 to 4 if operated with the same amount of control. The 
higher allowable density of the cold-rolled material 
results in a further reduction in the saturated-reactance 
drop because of the fewer output-winding turns re- 
quired. Hence, all other things being equal, the satu- 
rated-reactance drops would be in the ratio of about 
1 to 6. Because of the fact that a point of diminishing 
returns is reached as the saturated-reactance drop is 
reduced, the full possible reduction in /X drop is not 
designed into reactors with cold-rolled core material, 
but the better magnetic properties are used to permit 
a reduction in control power and an improvement in 
linearity. 

The no-load characteristics of a small series-con- 
nected saturable reactor with a cold-rolled grain- 
oriented silicon steel core are shown in Figs. 10 and 11, 
for rms and average currents respectively. Load lines 
are shown for a 132-volt a-c supply and a 20-ohm load. 
Rating information is as follows: 


. Rated 132 volts rms 
2. Rated 
3. Rated 
4. Rated 
5. Rated 

. Rated 


. Output windings (each) 


output-winding voltage 

6.6 amperes rms 

60 cps 

870 

0.70 amp d-c 

55. 

0.11 ohms at 20 C 
70 turns 

11.2 ohms at 20 C 
1000 turns 

500 


23 volts rms 


output-winding current 
output-winding frequency 
volt-amperes 
control-winding current 


temperature rise 


. Control winding 


. Full-output control ampere-turns 
Full-output output-winding voltage 

10. Permissible output-winding current 
at rated output-winding voltage 4.5 amp rms 


11. Typical load resistance 20 ohms 


For a 20-ohm load, the saturation output obtainable 
can be calculated: from the application data without 
reference to the load line, as follows: 


V (132)? 
Max. mm. = —— 
20 +2 x 0.11 
Max. Fjcag = 20 K 6.43 = 128.7 volts 
Max. output = 128.7 « 6.43 = 827 watts 
From the curves, 
Min. Jms == 0.6 amp rms 
Min. Fjoaa = 0.6 * 20 = 12 volts 
Min. output = 0.6 & 12 = 7.2 watts 
The control power 


(23)? 


= 6.43 amp 


500 2 
P.=!172 Re — 3112= 
1000 


2.8 watts 
128.7 


Maximum load voltage is ——— X 100 = 97.5 per 
132 
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HOW TO IRON OUT PHENOLIC MOLDING PROBLEMS 


The answer is Borden’s DURITE. 
The handle above illustrates 
how Borden engineers custom- 
design the DURITE compound for 
the job. Throughexperimentation, 
heat resistance and low heat con- 
ductivity . . . two hard-to-blend 
features . . . were combined. 

For utensil handles, ignition 
systems, components of electrical 
equipment, specify Borden’s 
DURITE HR-300. It molds a prod- 
uct that stays strong and lustrous 
despite heat, has high impact and 
flexural strength. Its economical 


Water-and-soap resistance, high impact 
strength, low-molding cost are featured 
in the Borden’s DURITE phenolic used in 
this washing machine agitator. 
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1.39 specific gravity gives you 
more heat-resistant parts per lb., 
easier handling and moldability. 

In DURITE, Borden gives you 
the special properties you need, 
in the degree you want, by skill- 
ful combining of cellulosic, car- 


bonaceous and mineral fillers with 
the resin base. Address your mold- 
ing problems requiring Phenolic 
Molding Compounds to The 
Borden Company, Chemical 
Division, Dept. EM-3) , 350 Mad- 
ison Ave., New York 17, N.Y. 


hordens DURITE 


Molding Powders - Bonding Resins - Cements 


Self-lubrication, high mechanical 
strength and good finish are special prop- 
erties of the Borden’s DURITE phenolic 
used in this caster. 


High dielectric properties: and general 
durability are special properties of the 
Borden’s DURITE phenolic used. in this, 
distributor head. , 
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Shaded Pole Motors 
perform best when they’re 


Save the cost and bother of experimenting 
with ready-made motors, hoping for the results 
you want. 

Start out with the right motor, precision- 
engineered to your exact specifications by The 
Loyd Scruggs Co. 

Tell us your needs. We'll add our experience 
and craftsmanship to yours, to develop better 
products at less cost. 

Inquire about the top-quality Loyd Scruggs 
motor, featuring the new 4-point cast bearing 
bracket for absolute uniform air gap of minimum 
clearance, maximum power and 
minimum heat. 

















WE'LL SEND YOU 
avin 


it to your 

below, attach it ; 

Fill-in the tinforrend ee meme a ae 
mee” nd mail to The Lae om 
pees N.S th St., St. Louis I, : 


YOU TELL US 


your $s specific 
requirements 







We ore interested in 4-Pole Shaded Pole motors (120V A.C. 
60 cycle, Approximately 1700 RPM) that meet the following 
requirements: 
APPLICATION: 
TORQUE: Starting 
ROTATION: ["] Clockwise; [_] Counterclockwise. 
STYLE: [|] Skeleton; [_] Encased, ventilated; [_] Encased, closed. 
BEARINGS: [_] Sleeve; [_] Ball. 





I girs 


SHAFT EXTENSIONS: Front. ; Back 
ee a a a a Be om a a re ae ee me mm 
w Dog Clhnugy- COMPANY 
MANUFA TURER oni | | INSTRUMENTS 






= FLOOR AIR CIRCULATORS | 


@ AIR CONDITIONERS | 
FANS AND BLOWERS | 


Built to, Order 





cent of the a-c supply voltage as compared with 90 per 
cent with the hot-rolled core. 

Range of output voltage is 128.7/12 or 10.7 to 1. 

Power gain is 827/2.8 or 295. 

Saturated reactance drop is 23/132 or 17.5 per cent. 

Lower value of the saturated-reactance drop at 
smaller control magnetizing force permits a great im- 
provement in power gain and output. It also indicates 
that reactors with this type of core would be desirable 
for low pf loads. For example, Fig. 10 shows that the 
saturated reactance drop can be reduced to about 13 
volts or 10 per cent by increasing the control ampere- 
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Fig. 12—Output amperes vs control amperes for series- 
connected saturable reactor with cold-rolled silicon steel 
cores. (See also Figs. 10 and 11.) 






turns by 50 per cent (750 AT, rather than 500). This 
would permit an output factor of 90 per cent with a 
zero pf load, rather than the 56 or 63 per cent value 
with conventional hot-rolled cores. 

Measured control characteristic for both rms and 
average output currents is shown as solid lines in Fig. 12, 
along with intersection points of the load line and 
no-load characteristics of Figs. 10 and 11. It is 
obvious that the control characteristic of this reactor is 
considerably more linear than that of the one with the 
hot-rolled core (Fig.4) and that the load lines give a 
more accurate approximation of the average output. 
The maximum error in the rms load-line approximation 
is about 5 per cent for this case, as before, while the 
average load-line approximation is good to about 3 per 
cent as compared with 5 per cent for the reactor with 
the hot-rolled core. 

For comparison, and because the information will be 
used in a later section, rms output current and the form 
factor of the two reactors with loads A and B are 
plotted against the average output current in Fig. 13. 
In each case operation is at rated output-winding voltage 
and frequency with the typical value of load resistance 
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given in the application data. (Note that this value of 
load resistance results in very nearly rated output- 
winding current at saturation.) In both cases, the form 
factor (which is the ratio of rms to average output 
current or voltage) reaches a maximum value of just 
more than 1.4 at about 20 per cent output, and falls 
almost to 1.1 at saturation. The higher saturation 
output of the reactor with the cold-rolled core is also 
evident. 

Typical performance data given in Figs. 5, 6, 7 and 8 
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Fig. 13—Hot- and cold-rolled silicon steel cores compared 
as to rms output current and form factor with respect to 
average output current. 


de not apply in the case of reactors with cold-rolled 
cores. It is difficult to give representative data because 
this core material has not come into such wide use, and 
because there is considerably more latitude in design as 
to saturated reactance drop, control power and copper- 
to-iron weight ratio. Some of the limits for 60-cycle 
units can be stated, however. Power gains of 100 in 
smaller ratings are common, and values up to 1000 are 
obtainable. The time constant in cycles of the power 
frequency is roughly equal to the numerical value of the 
rms output power gain divided by 5.5. In smaller sizes 
the weight is about 70-per cent of the weight of units 
of the same rating with conventional cores. 

Sufficient comparative cost data to make a signiflcant 
statement with respect to cost is not available. In the 
smaller sizes, units with grain-oriented cores wrapped 
from strip and then .cut to permit assembly are more 
costly than units with hot-rolled laminations. By com- 
promising the magnetic properties and not having the 
preferred magnetic direction of the grain-oriented mate- 
rial in the direction of the flux for about 25 per cent of 
the path, reactors can be made with cores consisting of 
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ASCO ‘‘MIDGET’’ SIZE 


TWO-WAY AND THREE-WAY 
SOLENOID VALVES 


This is the new small ASCO Two- 
Way Solenoid Valve...only 
2-13/16” from the top of the sole- 
noid housing to the bottom of the valve body. The Three-Way 
Valve or the Two-Way Valve designed for Normal Open 
‘Operation is only slightly larger, being only 3-5/16” from top 
to bottom. (The latter valve is the lower picture.) 

These Midget Two-Way and Three-Way Valves have many 
applications in the control field because of their compactness, 
sturdiness and efficiency. The Two-Way Valve comes in two 
pipe sizes: 4%” and 14” Normally Closed (closed when de- 
energized) and 1%” Normally Open (open when de-energized). 
The Three-Way Valve comes in one pipe size only: /g”. Both 
are standard in brass or stainless steel. Permissible pressures: 
Two-Way Valves up to 300 lbs./sq. in. (AC) and up to 
250 Ibs./sq. in. (DC) ; Three-Way Valves up to 125 Ibs./sq. in. 
(AC) and up to 50 Ibs./sq. in. (DC). Adjustable Main Flow 
and By-Pass Flow available for Two-Way Valves. Twenty-Four 
inch (24”) leads. 

If you have been looking for a really small and really efficient 
solenoid valve, one of these two ASCO Midget Valves may 
be just what you need. We'll be glad to send you complete 
information (Bulletins 8262 and 8314) but in writing will 
you tell us something about your requirements? 
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grain-oriented laminations. It appears that these may 
be competitive with the hot-rolled laminations for use 
in saturable reactors, even those of relatively small 
rating. In larger sizes, reactors with grain-oriented 
cut cores or laminations appear to be competitive cost- 
wise with reactors made with hot-rolled laminations. 

Ooo 


Operating characteristics of saturable-reactor cir- 
cuits will be discussed in a succeeding article by the 
same authors. 


Insulation Resistance 
of Thermosetting Laminates 


(Continued from page 103) 





sistance varied from 40 to 200 megohms; for XXXP, 
from 20,000 to 55,000. Variation in the values obtained 
indicates that the test is not reproducible. On the other 
hand it can serve to quickly distinguish between differ- 
ent grades of material. 

Additional samples of these two grades were condi- 
tioned at 90 per cent relative humidity at 95 F for a 
period of 30 days and the results are shown in Fig. 3. 
A four-day test is fairly satisfactory for Grade XP be- 
cause it approached equilibrium in that time. The 
values obtained for Grade XX XP, however, in a four- 
day test would be very misleading because it had not 
come to equilibrium. In fact it had not come entirely 
to equilibrium in 30 days. The only safe method of 
determining insulation resistance is to plot insulation 
against time until equilibrium has been reached. 

Specimens of seven standard grades of laminates were 
stored over calcium chloride in a desiccator for a pe- 





Test setup for investigating long-time insulation resistance 

of thermosetting laminates under various conditions of 

temperature and humidity. Arrow points to the test speci- 
men within a conditioning chamber. 


riod of 30 days. Insulation resistance measurements 
were made on all specimens under dry conditions at 
various temperatures from 80 F to 180 F. The results 
are shown in Table V and indicate that under dry con- 
ditions insulation resistance decreases somewhat with 
increase in temperature, The decrease is not pronounced 
and it is approximately the same for all grades. Never- 
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theless, temperature is one of the variables that must 
be considered. 

Specimens of four standard grades of laminates were 
preconditioned over water at 73 F for a period of 30 
days. These specimens were tested for insulation re- 
sistance at 80 F, 100 F and 120 F, with the results 
shown in Table VI. It is obvious from these data that 
moisture does find its way into laminates and that the 
insulation resistance is greatly affected. A comparison 
of Tables V and VI shows the powerful effect of mois- 
ture on the insulation resistance of all four grades tested 
after exposure to high humidity. It should also be ob- 
served that the more moisture-resistant grades are af- 
fected much less than are those grades which absorb 
moisture more readily. For reference, data on water 
absorption are presented in Table I. 

Since the insulation resistance of laminates is very 
high when the laminates are dry, yet quite low for some 
grades when the laminates are subjected to long ex- 
posures of high humidity at elevated temperatures, it 
seemed important to learn at what humidities this 
change starts to take place. Table VII shows the in- 
sulation resistance of seven grades of standard laminates 
under dry conditions at 73 F. All grades possessed 
excellent insulation resistance and, as time increased and 
the specimens lost moisture, the insulation resistance 
improved. Under dry conditions any laminate has sat- 
isfactory insulation resistance. 

Specimens of the same laminates were exposed to 
45 per cent RH at 73 F. The data are shown in Table 
VIII. Grades X, XX, LE, and AA demonstrated a 
decided decrease in insulation resistance. The decrease 
is most noticeable in laminates with the higher moisture 
absorption. However, at 45 per cent RH, all these 
grades are still quite acceptable as insulating materials. 

Table IX shows the insulation resistance of the same 
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Table XI—Recovery of Insulation Resistance 
after a Drying Period 


Insulation resistance, 


Test, Condition (megohms at 73 F) 





Grade | Grade 

xX xXXXP 

After 7 days at 95% RH 10 338,000 
After 7 days over CaCly | 1,000,000 | 1,920,000 
After 7 additional days at 95% RH | 10 240,000 
After 7 additional days over CaClz | 890,000 | 1,540,000 
After 7 additional days at 95% RH | 10 300,000 
After 7 additional days CaCl ' $50,000 | 1,600,000 













grades after exposure to 75 per cent RH at 73 F. It is 
quite obvious that Grades XX XP and NN are superior 
to the other five grades in moisture resistance. 

Table X shows the results for a greatly accelerated 
test; the conditions are 90 per cent RH at 95 F. This 
is not generally encountered in actual practice. Under 
these conditions, grades XX XP and NN are definitely 
the best so far as insulation resistance is concerned. 

It should be recognized that the low resistances re- 
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New A-C voltage-sensitive re- 
lay makes ideal safety device 


Bulletin 401 describes how voltage differential between 
pick-up and drop-out can be set at 10% (5% on special 
order)—without chattering—on Ward Leonard’s new a-c 
magnetic relay. 


Designed for safeguarding single phase a-c motors 
(such as on washing machines, oil burners, etc.) against 
burn-out caused by low voltage, the 401 relay is also ideal 
for a-c lighting and power bus transfer, voltage regulat- 
ing, etc. 

A small saturable reactor, connected in series with the 
relay coil, acts as a variable impedance, varying with 
voltage drop. Since it is the major impedance in the circuit, 
wide current variations through the coil can be obtained 
with small line voltage variations. 

Being a power-type relay, it provides good contact, 
good make-and-break. Write for Bulletin 401. WARD 
LEONARD ELECTRIC CO., 34 South Street, Mount Vernon, 
N. Y. Offices in principal cities of U. S. and Canada. 
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corded after exposure to moisture may not be perma- 
nent. Under test, the materials demonstrated a marked 
ability to recover their insulation resistance as they re- 
leased a portion of the moisture they had absorbed. This 
characteristic, reported in Table XI, may have some 
practical significance when it is remembered that in 
most climates humid periods alternate with relatively 
drier ones. 
Conclusions 


The insulation resistance of a laminate exposed to 
humid conditions depends on, and can be predicted 
from, its water-absorption characteristics. 

Under relatively dry atmospheric conditions, the fol- 
lowing conclusions apply: most of the standard high- 
pressure laminates have good insulation resistance; if 
high impact strength is needed, a fabric-base material 
will be required; and if heat-resistance is a requisite, 
asbestos or glass-base materials should be specified. 

Under humid conditions: if impact strength is not 
vital, Grade XXXP will perform satisfactorily ; where 
high impact strength must be present, Grade N1 will 
be required. 

The final selection of any insulator will depend on 
electrical properties for the atmospheric conditions in 
which the material will be used, together with the me- 
chanical and thermal properties required. oou 





Crystal Rectifier 
Performance Evaluated 
(Continued from page 108) 





crystals seems to have a sound economic basis. This 
is especially true where the voltages fall within the 
crystal rating so that no more than one is needed to 
replace a thermionic diode. 

This discussion has dealt so far only with the use 


2 


Reference 





Fig. 10—Use of rectifiers in an a-c bridge circuit to per- 
mit change of phase between reference and signal voltages 
to be observed on a d-c indicating instrument. 


of crystals as rectifiers. However, Fig. 6 shows that 
| a germanium rectifier exhibits the property of a negative 





resistance when voltages exceeding 100 volts are applied 


ELECTRICAL MANUFACTURING 





to the inverse direction. This part of the characteristic 
can be used to produce oscillator circuits. Crystals 
have also been used as voltage regulating elements by 
letting them operate in the small region near the maxi- 
mum inverse voltage. 

At this time, the danger of designing circuits around 
special parts of the characteristic is that the manufac- 
turer cannot guarantee that these parts of the charac- 
teristic will be identical from tube to tube. What can 
happen in cases like this may still be in the memory of 
some of the older radio engineers. The first screen-grid 
tubes showed a well defined negative resistance, which 
caused one manufacturer to use them as so-called “dyna- 
tron” oscillators in his superheterodyne receivers. A 
change of manufacturing technique caused a large re- 
duction of this effect, so that people replacing older 
tubes in their radio receivers found they became in- 
operative. 

In view of such experience it would appear prema- 
ture to discuss, at this time, circuits making use of 
parts of the characteristic which may change consider- 
ably in the near future. OOo 


For further data and background information on 
crystal rectifiers, the following bibliography is fairly 
complete. All of these references, and the first one 
specifically, were drawn upon in preparing this dis- 
cussion. 
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Now put real fastener economy into your assembly pro- 
cedure. With Rollpin metal fasteners as replacements you 
can eliminate many rivet and set screw applications »nd 
avoid the peening or threading operations which they re- 
quire. One stroke of a press sets a Rollpin firmly in place, 
flush with the face of your assembly. This means real sav- 
ings to you in costs and time. 

It will pay you to investigate Rollpins for your product 
as a cost saving replacement for steel fastening pins, pivot 
or hinge pins, clevis pins, cotter keys, locating dowels, or 
shafts. 

Rollpins exceed the shear strength of cold-rolled pins— 
are easily adapted to jig assembly or automatic hopper-fed 


Rollpin acts as guide shaft for spring-loaded relay 
contacts. Inexpensively and simply pressed in 
place . . . riveting operation eliminated . . . it 


outwears previous brass rivet by ten times. erately removed. 
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Design Trends 


and Transients 
(Continued from page 124) 


better after looking at instruments illuminated with red 
light than with any other color. Compared with light of 
equal intensity of another color, red light enables per- 
sonnel to recover dark adaptation in one-fourth the 
time. Glare of red light is also relatively low. 

Two of the main problems encountered in developing 
improved techniques for instrument illumination are 
even distribution and elimination of glare. All dials on 
a panel should appear equally bright and uniformly 
illuminated since there is a natural tendency to gaze at 
the brightest spot in the visual field. Glaring “hot 
spots” caused by unequal illumination across the face 
of a dial tend to distract the observer. 


Since a large percentage of errors in the operation 
of instruments are due to reading inaccuracy, the proper 
size and spacing of the dials and scales of the instrument 
panels are of importance. The “cleaner” the dials, the 
better for quick and accurate reading. When read at 
brief exposure intervals, dials without subdivisions give 
rise to fewer errors. Subdivision lines and numbers 
tend to distract the observer momentarily and slow 
down his response or form a confusing pattern of lines 
which makes it difficult to select the correct marking. 

The so-called Duo-Panel System of producing opti- 
mum daylight and night visibility in instrument panels 
is recognized as one of the most effective means of 
illuminating instrument panels at the present time. This 
system incorporates two distinct panels, one to “pipe” 
the light to the second which, although translucent, has 
a conventional daylight appearance. OOO 
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How to eliminate rivets and set screws 
with Rollpin self-locking fasteners 


ELASTIC STOP NUT CORPORATION 
OF AMERICA 


Rollpins replace set screws for pinning pulleys to 
shafts. Hole tapping operation is avoided and 
Rollpin holds tight against vibration until delib- 
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resses. They provide a firm vibration-proof fit until de- 
conta removed with a pin punch. . . and since Rollpins 
do not enlarge the hole, the same pin can be re-inserted 
with a hammer! 
For details on Rollpins, write to Elastic Stop Nut Corpo- 
ration of America, 2330 Vauxhall Road, Union, New Jersey. 
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Rollpins are supplied to specified lengths with 
chamfered ends. They are available from stock in 
a wide range of lengths in diameters from 5/64” 
to 2’ in Carbon and Stainless Steels. 
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DC TRICKS 









with AC Contactors 
and vice versa 







Put a DC power plant in Ward Leonard’s 4110 across- 
the-line Ac magnetic starter, and you can 


. .. do direct AC switching from DC battery voltages 

. ++ hold-in despite poor voltage regulation—down 
to 15% of rated voltage 

... eliminate troublesome AC hum 


Or use a DC contactor with an AC power plant (Ward 
Leonard designed the contactors for this) and— 


. +» Switch a variable-voltage DC control system 
from a constant potential AC source 

... get dynamic braking just by adding a contact— 
rather than a separate contactor 


Investigate Ward Leonard AC-DC combinations. Write 
for Control Catalog. WARD LEONARD ELECTRIC COo., 34 
South Street, Mount Vernon, N. Y. Offices in principal 
cities of U. S. and Canada. 
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POWDER 
METALLURGY 


PARTS MEET SEVERE REQUIREMENTS 


(Combining the high mechanical strength 
necessary to withstand heavy static, ro- 
tating or oscillating loads with a method 
of lubrication that maintains an unbroken 
oil film for thousands of hours, 
“COMPO” and “POWDIRON” bear- 
ings and parts offer exceptional service 
advantages under a wide range of oper- 
ating conditions. 


HIGH COMPRESSIVE STRENGTH 


Depending on composition, “COMPO” 
and “POWDIRON” display ultimate 
compressive strengths ranging from 
69,000 to 140,000 psi. The porous struc- 
ture is uniformly strong, since it ts free 
from such defects as sand spots or blow 
holes. Permissible loads per square inch 
are therefore unusually high. 


UNBROKEN OIL FILM 


“COMPO” and “POWDIRON” bear- 
ings and parts maintain an oil film that 
prevents metal-to-metal contact between 
moving parts. When the machine is at 
rest, oil is stored uniformly throughout 
the capillary structure of the bearing or 
part. When the machine starts, oil is 
instantly fed to the surface from the 
microscopic pores, thus maintaining a 


HIGH LOAD CAPACITY (ir tereical top limit to the velocity 
: : | of f i in “COMPO” 
at high speeds is one of the “POWDIBON’ tesrinas. pe 


operation of small shafts at speeds of 


* ° | 
"THE 6 OUTSTANDING 6 outstanding advantages of | 20,000 to 25,000 rpm has demonstrated 


tt " COMPO and | Wh d-load conditions cc 
COMPO and ® Ww ere speed-load conditions are excep- 
ee 7 bearings tionally severe, low-cost provisions for 
“POWDIRON”’ are: DOWDIRG® | replenishing oil supply will keep bear- 
, ® and parts ings operating indefinitely. 


1. High load capacity at high ; : so 

speeds Heavy loads? Of course — “COMPO” and | Recommendations for specific conditions 
: “POWDIRON” bearings and parts are may be obtained from Bound Brook 

2. Extreme quietness strong and durable. High speeds? With the Oil-Less Bearing Company, Bound Brook, 

3. Efficient self-lubrication “COMPO” and “POWDIRON” system of ee 

lubrication (oil film constantly maintained ) 

there’s no theoretical limit of velocity — 


5. Low operating and main-, actual shaft speeds of 25,000 rpm are not 
tenance cost unusual. 


4. Low installation cost 


6. Low unit cost Bearing deliveries are fast, too —if stock 
“COMPO” sizes (and there are plenty of 
them) meet your requirements. Write on 
company letterhead for latest list. 


Send for this FREE Booklet 


BU a AL Si 
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In chain hoists and other applications where 
leads are heavy and maintenance difficult, the 

22 eee ee ee eee ee) high capacity and efficient self-lubrication of 
“COMPO” and “POWDIRON” result in long 
service life with little attention. 





ELECTRICAL MANUFACTURING 





